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Instruments, while assigning authors and even —where the only prize for excellence is existence Because I admire the man who for fifteen years 
ile editing the first three or four articles re- itself, where any air-line whose instrument work has played an unheralded but vitally important 
ved, it was easy to conceive an editorial. It 18 mot excellent would be grounded by Uncle Sam _ part in developing all phases of aircraft instrus 
s too easy! Now, your editor feels as bashful before you could say ‘“‘directional gyro caging mentation—navigational, power-plant, automati¢ 
, if he were opening a great congress of Science knob synchronizer pinion longitudinal adjustment piloting, instrument-landing, ice-warning, meteor: 
d Industry. Those brilliant ideas and clever  sleeve."’ The truth is that all air-lines are first- ological, flight-testing, etc., etc., 
vordings now seem flat and stale. For example prize winners. Because I respect the Chief of the Aeronautic 
ie idea of commenting on the relative merits of And the same goes for all aircraft manufactur- Instruments Section at THE Bureau, 
lifferent developments by different air-lines. As if ers, all engine manufacturers, the whole Aviation Because I'm grateful to a self-starting member 


the air-lines had entered a contest for mere words Industry. 
f praise on the excellence of their instrument 
work! The truth is that they all have entered a _ issue? 


But how can I “‘introduce’’ the contents of this 


of Instruments’ Editorial Advisory Board, 
And because I like ‘‘Brom 
I turn over this page to him MFB 


Scope of Instrumentation in Aeronautics 


By W. G. BROMBACHER 


Chief, Aeronautic Instruments Section, National Bureau of Standards, Washington 


N the past decade the technically-minded public 

has largely focused its interest upon the need 

for aireraft instruments to measure altitude 
more accurately, upon radio means for making in- 
strument landings, and for measuring ground 
speed when the ground is not visible. 

These are outstanding problems, of which at 
least the first two are in a fair way to satisfactory 
solution. 

Other instruments with which the aircraft is 
usually equipped and in which service interest has 
been great, are those directly or indirectly needed 
for determining position, also automatic pilots, and 
oxygen supply equipment—upon which work has 
been unremitting and consequent improvement has 
been steady. Position on the earth’s surface is de- 
termined by celestial observations or dead reckon- 
ing or a combination of both. Instruments include 
octants, drift meters, radio equipment, compasses, 
airspeed meters and timepieces. 

Noteworthy, too, is a recent trend toward power- 
plant instruments of the electric type, involving 
intensive engineering activity. 

There are, however, types of instruments which 
interest only a few specialists since they are not 
commonly used as service instruments. These are 
test instruments used in flight and on the ground, 
instruments peculiar to airships, and instrument 
testing equipment. Much thought has been given to 
these instruments by the few engineers, scientists 
and pilots directly interested, but owing to the 
small number required, developmental work solely 
with the aeronautic applications in mind, by the 
engineering staffs of instrument companies, has— 
with some conspicuous exceptions—been relatively 
small. In many instances further development is 
desirable. 

Under flight test instruments we may list baro- 
graphs, CO indicators, engine torque meters, re- 
cording tachometers, recording accelerometers, air- 
speed recorders, suspended-head airspeed meters, 
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free air thermometers and perhaps, since these are 
possible service instruments, fuel flow meters and 
exhaust gas analyzers. 

For aircraft tests on the ground and in flight, 
vibration measuring apparatus, stroboscopes and 
strain meters may be mentioned. 

Instruments peculiar to airships include super- 
heatmeters, suspended-head true airspeed meters 
and others, the need for which depends upon the 
size and design of the airship. 

Special equipment for testing instruments in- 
cludes much that is commercially available but 
some items not so available or requiring modifica- 
tion, are mercurial barometers for testing altime- 
ters, tachometer test stands, manometers for vari- 
ous purposes, accelerometer test equipment, oxygen 
apparatus test equipment, and some special equip- 
ment for testing electrical instruments. 

It is necessary to mention here instruments pri- 
marily of military importance, such as special alti- 
meters and directional means required in aerial 
photography, and armament instruments such as 
gunsights and drift sights. 

A few aircraft instruments require lubrication. 
The requirements include operation in the temper- 
ature range —50 to +50°C. and higher, which if 
coupled with necessity of long life in the bearings, 
is hardly within the capacity of known liquid lubri- 
cants. In the past this problem, except for work on 
lubricants derived from petroleum, has not obtained 
the attention of lubrication engineers, largely be- 
cause of the small production quantities involved. 
More research is needed to find an entirely satis- 
factory lubricant. 

Last of all, mention should be made of the im- 
portance of the standardization of fittings and elec- 
trical connections wherever possible. Much fine 
work has been done especially where the instru- 
ments themselves are reasonably standard, but the 
job is obviously never complete. It is prosaic but 
of the highest importance. 
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The CAA and Industry Coéperate 


to Develop Instrumentation 


By C. I. STANTON 


Deputy Administrator, Civil Aeronautics Administration, Washington 


EVELOPING new instruments to increase the safety 

of aircraft operation is an important item in the long 

list of services rendered to aviation by the Civil 
Aeronautics Administration. A comparatively small staff of 
CAA workers in this field, working in cooperation with the 
airlines, equipment manufacturers, Army and Navy, lead 
ing universities, and other interested groups, have been 
responsible for some notable advances in aircraft instru- 
mentation. 

DIRECTION FINDER 

In the field of radio instrumentation, 
the accomplishments of CAA engineers 
have been particularly significant. The 
dual automatic radio direction finder, 
perfected during the last three years 
with the assistance of three manufac- 
turers, is a case in point. 

The instrument is actually two radio 
direction finders interconnected, with 
their needles operating on the same 
azimuth scale. The needle of each re- 
ceiver points to the station on which its 
receiver is tuned. Thus, when a station 
ahead and one to the rear are tuned in, 
the pilot can fly along a straight line be- 
tween the stations by moving his plane 
to right or left until the needles form a 
straight line. 

The principle is made clear by stretch- 
ing a rubber band between two points, 
considered as stations. By moving the 
band to right or left anywhere along its 
length, the relative position of the plane 
with respect to the stations is revealed. 
Skilled instrument pilots can work out 
numerous triangulation and other navi- 
gation procedures more rapidly with the 
new device. It was first installed in the 
CAA’s laboratory plane and is now com- 
mercially manufactured, and commencing to be installed by 
the airlines. 

UHF DEVELOPMENT 

The CAA also originated specifications for a new ultra- 
high-frequency radio receiver which the airlines are now 
purchasing for use on runs where the CAA has installed 
UHF (ultra-high-frequency) radio ranges and landing sys- 
tems. UHF equipment, it is expected, will contribute greatly 
to safety, since it is not subject to static interference, and 
static is most prevalent in bad weather, just when the 
pilot’s need for dependable radio guidance is greatest. 

The receiver is equipped with push buttons which can be 
set to 33 selected frequencies between 110 and 132 mega- 
cycles, relieving the pilot of any necessity for tuning with 
knobs. It can receive UHF course signals of the CAA radio 
range stations and instrument landing localizers, as well 
as voice instructions from airport traffic control towers. 

INSTRUMENT LANDING SYSTEM 

UHF radio ranges are now operated by the CAA along 
the New York-Chicago airway, and other installations are 
under way, with the ultimate goal conversion of the entire 
35,000 miles of airways. Airports have been ordered by the 
Federal Communications Commission, acting with the advice 
of the CAA, to imstall UHF transmission equipment for 
traffic control by 1942. Instrument landing systems run on 
UHF are in existence at Indianapolis, and being installed 
by the CAA at Oakland, California, and Washington, D. C., 
with six more in process of manufacture and due to be 
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installed at Chicago, Cleveland, Fort Worth, Kansas C 
Los Angeles and New York. 

These landing systems are in themselves a triumph 
aircraft instrumentation, culminating experiments whi 
began back in 1928. One simple dial enables the pilot to s 
at a glance whether he is taking the proper course for 
landing, even though the airport may be enveloped in fog 

The system devised and now being installed by the CA 
meets the specifications of the Radio Technical Commissi: 


$ . 
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I'wo-needle direction finder (Bendix make) in a Douglas instrument panel. See also Ray 
Shrader’s article on page 282, where diagrams of the operation are shown. 


for Aeronautics, an impartial body representing the air 
lines, the military services, scientific institutions, radio 
manufacturers, and government agencies. It incorporates 
the best features of several experimental systems submitted 
to the RTCA. It is operated by radio and consists of four 
fundamental elements: 

(1) A runway localizer which provides a range course fo1 
lateral guidance; 

(2) a glide path which provides a means for descent; 

(3 and 4) two vertical marker beacons to indicate the 
progress of approach to the landing field. 

The effect of the localizer beam radio transmission is to 
provide an imaginary vertical plane extending along the 
center line of the runway in the direction of approach. A 
pointer on an instrument before the pilot remains in a ver 
tical position as long as the airplane is in this imaginary 
plane. If the airplane deviates to the right, the pointer 
swings to the left and the pilot must turn his craft to th 
left until the pointer swings back to the vertical. Exactly 
the opposite occurs if the aircraft deviates to the left. The 
effect of the glide path radio transmission is to provide a 
surface* inclining away from the approach end of the run- 
way at an angle of 3° to 4° from the earth’s surface. (At 
about 5 miles from the end of the runway the glide path is 
approximately 1,500 feet above the ground). 

*Actually, the glide path is formed by a portion of a curved sur- 
face: however, the portion utilized for the approach is relatively 
straight and, for the purpose of a simplified explanation, may Dé 


thought of as a narrow inclined surface, curved slightly at the bot- 
tom to meet the runway at a gentle angle. 












horizontal needle, crossing the vertical pointer men- 
ed previously, tells the pilot whether the aircraft is fly- 
above or below, or directly along the imaginary inclined 
face. If this needle falls below the horizontal the pilot 
t descend to intercept the glide path and, conversely, if 
needle swings above the horizontal the pilot must climb 
egain the glide path. 
he intersection of these two imaginary surfaces provides 
imaginary line which inclines at a gentle angle upwards 
m the end of the runway for many miles. By means of 
pointer and needle indications already described the 
t ean fly his aircraft downward along this imaginary 
e with a high degree of precision. But the automatic in- 


spective view of new instrument landing system described 
= Mr. Stanton. Also shown are the indications received on 
AA new cross-pointer instrument in the airplane: the center 
| ketch shows ‘‘on course and on glide path,’’ the other eight 
etches show how the indications guide the pilot in the most 
natural’’ way. 

















the right. The chart used by the pilot is tinted red in the 
area to the left of the localizer beam and green to the right. 
Thus, whenever the vertical pointer is in the green sector 
the pilot knows he is in the green area indicated on the 
chart, and if the pointer is in the red sector he can be sure 
he is in the red area of the chart, regardless of the heading 
of the ship. 
OTHER DEVELOPMENTS 


Another interesting development is automatic monitors 


for low-frequency radio ranges and fan markers. Experi 
mental equipment now being manufactured for service test 
into when the 


ing is designed to go action signal 


range 
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he 
strumentation provides even more information when the 
to pilot approaches the airport and the runway: 
he (1) The radio marker beams are directed upward and the 
A signals fill a fan-shaped space intersecting the localizer 
r beam and crossing the glide path. The outer marker is about 
ry two miles from the airport and intercepts the glide path at 
pr a point where it is 510 feet from the ground. The inner 
1 marker is located at the boundary of the field in line with 
ly the runway and intercepts the glide path at an altitude of 
1€ 15 feet. Flying over the outer marker causes a purple light 
a to flash on the aircraft’s instrument panel at a rate of two 
n- dashes per second for a period of eight seconds, while at the 
\t same time a characteristic audible signal is transmitted and 
is received by the pilot through his headphones. The inner 
marker flashes a yellow light at a rate of six dots per sec- 
" md for approximately 1% seconds, and provides an audible 
ly signal plainly distinguishable from that of the outer marker. 
“a (2) At the bottom of the instrument faces there is a sec- 
tor split in the middle with green on the left and red on 
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deviates from the true course, adding a string of X’s to the 
signal as a warning to the pilot, and setting off a siren and 
red light in the range station and the airline dispatcher’s 
office. The siren may be turned off, but the red light and 
X’s remain on until the range signal returns to true courss 
The other monitor acts similarly when the fan marker sig 
nal reaches a dangerously low volume. 

Instruments developed by the C.A.A. to measure flutter 
and vibration characteristics of aircraft are being 
given ground and flight tests at the Indianapolis experiment 
station of the C.A.A. The advent of larger and faster ai: 
craft gives special importance to these studies. 

Other devices on which C.A.A. technical men are work 
ing include a stall warning indicator, an automatic instru 
ment log using infra-red film, and equipment for field 
inspection of aircraft fabric. In the study stage is a broad 
project aimed at the development of instruments for the 
private pilot, which can be sold at a moderate price with 
out sacrificing dependability. 


now 
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A General Consideration of Aircraft Instrument 






By ALEXANDER KLEMIN 


Guggenheim Research Professor, College of Engineering, New York University 


purpose of this article to indicate briefly how 


the airplane designer and aviation people generally are 

apt to regard aircraft instruments, and what they are 
ikely to demand. Some of the remarks apply to aircraft 
instruments as a whole, some to specific classes. It is hoped 
that the introduction to the more 


this issue of Instruments. 


article will serve as an 


writings of others in 


detailed 


I. GENERAL REQUIREMENTS 


The 


ments to which aviation people might be 


aircraft instru- 
expected to sub- 


general requirements in regard to 


scribe might be presented somewhat as follows: 
1. Aerodynamic Resistance. 

The higher the speed of the airplane, the more important 
it becomes to cut down unnecessary aerodynamic resist- 


ance. Even a Pitot tube mounted on a tube four feet ahead 
of the which counts. An ex- 
posed Venturi to supply power to an air-driven instrument 
turn an 
appreciable waste of power because the aerodynamic resist- 


leading edge has a resistance 


such as a gyroscopic bank and indicator involves 
ance involves a loss of perhaps fifty times the power deliv- 
ered to the instrument, 

2. Light Weight. 

Instruments for the airp!ane must be much lighter than 
anything permissible in land vehicles. Civil engineers often 
make excellent stress analysts of the airplane but it takes 
them a year or two of practice to realize that an airplane 
spar must be in appearance and weight fragile in compari- 
son with a bridge girder. An automobile engine weighs five 
or six times as much in pounds per horsepower as an air- 
plane engine. The skilled aircraft instrument designer must 
watch every ounce of weight. 

Compactness. 

The aircraft instrument must combine with accuracy not 
only light weight but also compactness. Bulky instruments 
will crowd the dashboard; they may be too bulky even for 
installation behind the dashboard. 

4. Simplicity of Installation and Repair. 

The strength of an 

number of planes in the hangars but 


measured by the 
by the number of 
planes capable of taking the air at a few minutes’ ‘notice. 
The number of skilled mechanics cannot be increased in- 
definitely. The advantage of simplicity of installation and 
becomes obvious. 


Withstand 


air force is not 


repair 
Lhility to 


Gravity. 


Many Times The Acceleration Of 
The hardiest test pilot in the prime of manhood is apt to 
coming out of a dive 
the tremendous centrifugal accelerations encountered, some- 
times over eight times the acceleration of gravity. The in- 


strument 


when because of 


ose Consciousness 


has no consciousness to lose but it be able 


the highest 


must 


to withstand load factors ever likely to be 


imposed. 

6. Damping After Oscillation. 
We 

paragraph. In 


is of 


our next 
vehicles vibration 


vibration requirements in 
the automobile and other 
But no other 
ected to such maneuvers as looping or spinning. There is 
nothing that will completely 
strument 


discuss 


shall 


common occurrence. vehicles are sub 
oscillation of the in 
circumstances but the 
damping after oscillation should be rapid and reliable. In 
the case of instruments it 
insensitivity 
Fron 

By rubber insulation of the engine mount, vibration in 
the modern airplane has been greatly diminished. But if a 
relatively small fighter is equipped with a 
2000-horsepower engine, it is inconceivable that all vibra- 


prevent 


indicators under such 


some is even possible and de- 


to seek to acceleration or maneuver. 


Freedon de fF ets OF Vibration. 


single-seater 
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there is caref 
insulation of the instrument panel as well as of the mou: 
Therefore airplane people demand and should be able 

obtain instruments that withstand 


vibration indefinitely without loss of accuracy. 


tion troubles could be eliminated, even if 


can some degree 
8. Dials For Easy Grouping. 

It is not easy to say whether the airplane designer 
the instrument manufacturer should be responsible for t] 
arrangement of the panel so that the pilot can readi 
all instruments that related instrument 
may be placed close together. The best results are achiev 
by collaboration of technicians in the two categories. But 
it should be the task of the instrument designer to provid 
the best indicating dials for such purposes 
whether by having vertical scales instead of circular scale 
or by having all dials of the same size, etc., is not for u 
to say. 


survey and so 


possible 


a5 Lighting. 

If a cockpit has to be brilliantly lit, the contrast wit! 
the outer darkness becomes quite fatiguing for the pilot 
and he is apt to lose his judgment of distances in landing 
Therefore either idals must be self-illuminating by means 
of fluorescent paints, or else they must lend themselves to 
indirect lighting. 

10. Reduction In The Number of Instruments. 

In the early days of flying a cockpit in which there were 
available an airspeed indicator and an altimeter was con- 
sidered well equipped. Today the number of instruments 
which face the pilot is formidable. It is easy to provide a 
device that will show whether the landing gear is up or 
down, or how many degrees a flap is deflected. But each 
such device gives the pilot just that much more instrumen 
tation to watch. It should now be the task of the instru 
ment designer to devise instruments in which one indica 
tor will be the equivalent of two or three; or in which 
several indications are projected on a small space; or in 
other manner to alleviate the pilot’s task. Several 
attempts along these lines have already been successful. 
11. Other Requirements. 

Accuracy goes without saying, but accuracy must be com 
bined with all the other characteristics. At least in an open 
cockpit machine or a single-seater intended for high-alti 
tude work, instruments must be able to withstand marked 
changes in temperature. In seaplane work corrosion has 
to be avoided. 


some 


II. CERTAIN SPECIFIC PROBLEMS 

It will be agreed that the general requirements of air 
craft instrumentation are comprehensive and not easy to 
meet in combination. To discuss here the specific require 
ments of every instrument on board an airplane is impos 
sible. But it may be of interest to discuss briefly certain 
specific improvements which appear of im 
portance in modern aviation. 


problems or 


1. An Altimeter Inde pe ndent of 

The aircraft altimeter is only an aneroid 
measuring pressure and a pressure indicator is not a true 
altitude indicator unless the atmosphere at a particular 
instant is behaving in exact accordance with the hypo 
thetical “Standard Atmosphere” of the United States. An 
elaborate system of correction for temperature and pres 
sure variations has grown up and the combination of radio 
communication and adjustable altimeters has 
achieved highly practical results. Still there remains the 
need of a practical height indicator totally independent 
of atmospheric variation. There have been assayed various 
forms of acoustic altimeters (dependent on the time taken 
for a sound to be reflected from the ground) and various 


Ltmospheric Conditions 


baromete? 


sensitive, 


(Continued on page 311) 
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OMPLYING with the brief request sent to all 

air-lines by the editor of Instruments in Au- 

gust, we submitted an equally brief outline of 
Delta’s instrument activities. We were rather pleased 
that he rejected it—because he made a definite re- 
quest for individual topics, evidently considering 
these phases of Delta’s operations worth calling to 
the attention of instrument men outside our organi- 
zation. Delta has already passed along to all other 
air-lines the results of some innovations. Now we 
take this opportunity to present a fairly complete list; and 


to have it reach the instrument men in all industries. 


(1) Impressing instrument overhaul men with the im- 
portance of their work. Every man in the instrument over- 
haul department in turn goes riding on test hops following 
overhauls. Every man in the department gets to fly across 
Delta routes during bad weather when the pilot must fly 
blind and rely entirely upon his instruments. The practice 
of sending all the instrument personnel on the test runs 
permits each man to observe and understand the operation 
of the instruments in the airplanes, to note how flight condi- 
tions affect the dynamic characteristics of instruments, etc. 


(2) Undivided Responsibility. Not only does each man 
appreciate the importance of instruments but he is made 
to realize the importance of his own work. Delta’s practice 
is to have each instrument job done by one man from start 
to finish instead of dividing up the job. One man climbs 
into the forward baggage compartment or “‘nose’”’ of the 
ship, where he has access to the rear of the instrument 
panel; he inspects the installation and verifies its correct- 
ness; he removes the instrument; he carries it (and accessory 
parts when necessary) to his own bench; he disassembles 
it; he cleans it and does whatever repair or replacement 
work is required; he reassembles it and tests it; and finally 
it is this same man who re-installs that particular instru- 
ment with as much care as he exercised at his own bench. 


(3) Ground-station Barometers. Delta Air Lines has been 
unusually successful in minimizing the error of its altime- 
ters by installing ultra-sensitive aneroid barometers at all 
ground stations and devising a simple method for checking 
these daily against mercurial barometers. 

Back in 1936, Delta, like other air-lines, relied entirely 
upon the barometric readings of the local weather bureaus. 
Our station men obtained reports from the weather bureaus 
in their communities, and this reading was furnished Delta 
pilots when they radioed in prior to landing. With this 
barometric reading, the pilot sets his sensitive altimeter, 
and he is able to read off his height, a most important 
figure during an iastrument landing. That is the theory. In 
practice there are sources of error. For example, the in- 
formation was sometimes obtained from a bureau located 
off the airport, perhaps several stories high. Then, too, it 
was not generally feasible to obtain timely, up-to-the- 
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Instrument Work Innovations 





By CARL NISBET 


Foreman, Instrument Overhaul Shop, Delta Air Corp., Atlanta, Ga, 


minute, information from the local weat 
bureaus as each ship approached the a 
port. As the reader knows, atmosphe 
pressure is always changing. 








The solution to the problem clearly was to devise a method 
by which the men at each ground station along the route 
could take last-minute barometer readings to plus or minus 
a thousandth of an inch of mercury column—and to do this 
quickly, immediately preceding the landing of each ship 
It was not practical to use mercury barometers in each 
ground station, because of the expense anc because of the 
difficulty radio operators and station personnel might have 
in using mercury barometers. 

Walter Hendrix, foreman of Delta’s instrument shop at 
that time and now with Boeing in Seattle, devised a method 
calling for the use of Paulin barometers and of mercurial 
barometers. The Paulin barometer is a null-method instru- 
ment like a laboratory equal-beam balance or a potentiome 
ter. It can be made sensitive enough to detect a variation 
of atmospheric pressure corresponding to a few inches of 
altitude but—like a laboratory balance whose accuracy de- 
pends on that of the weights, or like a potentiometer whose 
accuracy depends on that of the standard cell—it has to be 
calibrated by reference to a primary standard, which is 
the standard mercurial barometer. 

We concluded, after a series of experiments in the shop, 
that it would be possible to reduce the error of altimeters 
to about ten feet by using Paulin barometers with proper 
checks. First results were not as promising as we had ex 


















ected. More work remained to be done. We found it neces- 
y to visit each of our ground stations along our routes, 
ending several days at each point. We checked with the 
al weather bureaus and then took our own mercurial 
rometer readings at the actual elevations of the most- 
ed sections of the runways at the airport. We compared 
airport readings with the readings of the weather 


t] ireau, and the difference was the established correction 
a r that station. 
1e If an error of as much as 20 feet is noted when the 


1ulin barometer is corrected daily against the mercurial 
1rometer, our department is notified immediately and we 
ike quick steps to locate the error, usually substituting a 

are barometer while we check the one in error. 

Before fully accepting the system thus devised, we kept 
ose checks for a period of one year. Each pilot had to fill 

it written reports stating the error noted in his sensitive 
iltimeter at each station. 

During the period of experimentation, Mr. Hendrix cor 
esponded with Dr. W. G. Brombacher of the National 
Bureau of Standards, the Kollsman Instrument Co. and the 
Pioneer Instrument Co. All were most helpful. 

For four years now, our altimeter errors have averaged 
ibout 20 feet, using the new system, as compared with 


Fig5 


The author checks four station Paulins against a Standard 
























give an answer based on a sufficiently large number of 
individuals all of whom were observed under uniform 
conditions. Mr. Stevens and I are instructors four 
night a week in two classes of 52 students learning 
the airplane instrument repair trade to qualify for 
civil service positions. The classes are sponsored 
by the Federal Security Agency, U. S. Office of 
Education, and the War Department—one of the 
few such schools in the United States. The 
course runs six months. We discovered that 
watchmakers and jewelers did not necessarily 
make good airplane instrument men. In numer 
ous cases the best students were persons who 
had never handled small tools or worked on 
instruments of any type. 












od 
ite 
us 
11S 
ip. 
ch 
he 
ve 
at about 100 feet under the old meth- 
ot od. We have cheerfully passed 
al along the benefit of our experi- 
ma ence to other air-lines interested, 
“a and I am told that they are get- 
“a ting equally accurate results. 
of (4) Do watch-makers and jew- 
e- elers make the best aircraft in- 
se strument men? Most answers have 
ne been based on imperfect observa- 
is tions of too few men, hired at 
different times. William Stevens 
D, (another veteran Delta _ instru- 
“s ment man) and I, after instruct- z 
r ing national defense workers for Fig.4 
c eight months, are in a position to 
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LEFT—Calibration of an airplane barograph in the compass problems with Mechanician Ashworth. Stand- instrument construction. Aft tbe table (1. ¢ 
M.I.1 Instrument Laboratory. Dr. Draper at right ing (1. to r.): D. P. Keily, Instructor in charge of E. P. Bentley, Project Engineer on special 

RIGHT —A staff conference. Instructor Keily explains meteorological instruments; Dr. Draper; Walter McKay, P. J. Chenery and R. C. Seamans Jr., | 
lynamic temperature errors in radio-meteorograph data Assistant Professor in charge of aeronautical instru- Assistants; H. R. Oldfield Jr., Instructor in 
while Professors Draper and McKay discuss aircraft ments; Harry Ashworth, Mechanician in charge of Vibration Measurements Laboratory. 


Instrument Instruction at M. I. T. 


By C. S. DRAPER 


Professor of Aeronautical Engineering, Massachusetts Institute of Technology, Cambridge, Mass. 


NSTRUMENT teaching at the Massachusetts Institute 
of Technology has developed from a single brief course 
given by Professor W. G. Brown in 1928 to its present 
status as a separate division of the Aeronautical Engineer- 
Department devoted entirely to instruction and 
this field. When Professor Brown left the Insti- 
tute in 1932, his work was taken over by the author of this 
article. 


ing re- 


search in 
A course on meteorological instruments which had 
been started by Doctor K. O. Lange was added to the already 
existing aeronautical instrument work in 1936, and in 1988 
the list was increased by the addition of a course on vibra- 
tion The material 
was based on experience gained by the 


for this course 
writer and G. P. 


measuring instruments. 


Bentley during the development of vibration measuring 
equipment for the U. S. Navy. Various other projects 
carried out by members of the Instrument Division staff 


for government and civilian organizations in- 
creased the available background of theoretical and practi- 
cal instrument knowledge. 

This continuous study of instrument problems has resulted 
in the development of a generalized system of instrument 
analysis which can be applied to a wide range of practical 
cases. An article entitled “General Principles of Instrument 
Analysis” by C. S. Draper and G. V. Schliestett dealing with 
certain phases of the general scheme appeared in the May 
1939 issue of Instruments. 


agencies 


At the present time the Instrument Division staff consists 
of one professor, two assistant professors, two instructors, 
two assistants, one master instrument maker, a number of 


engineers assigned to special projects, and several shop 


mechanics. 


The instruction offered deals with theory and design ex 
cept for one course on the use and maintenance of meteor 
logical instruments and various short courses especial] 
adapted for students in national defense work. Students ar: 
introduced to instruments by means of a lecture course o1 
the basic principles of analysis accompanied by correlated 
laboratory work. Emphasis is placed on the dynamic aspects 
of instrument performance. Specialized applications of the 
basic theory are studied in continuation courses on aero 
nautical instruments, meteorological instruments, vibratioi 
measuring instruments and gyroscopic instruments. The 
related subject of automatic control is presented in a cours: 
given by Professor G. S. Brown of the Electrical Engineer 
ing Department. 

The basic course attracts from forty to fifty students, 
aeronautical instruments about twenty-five, meteorological! 
instruments sixty to 120, vibration measuring instruments 
about twenty-five and gyroscopic instruments (this is a 
course given only to officers of the military services) about 
ten. In addition to the regular courses the Instrument Divi 
sion staff presents defense training courses for Naval men, 
practicing engineers and civil aeronautics students whic! 
add up to between eighty and a hundred individuals. 

A number of M.I.T. graduates have based their profes 


sional jobs on information gained from the instrument 


courses. The majority of these men are employed by com 
panies connected with aircraft, but a few are connected wit! 
industrial instrument concerns. Experience has shown that 
men interested in the field of instruments are well repaid fon 
time spent on this subject. It is expected that an increasing 
number of students will thus prepare for their careers. 





Vibrometers: (LEFT) Vibration Measurements Section and 
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(RIGHT) 


investigating the performance of a new experimental vibrometer 
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@ Complete with 14 different scales that make 
each instrument practically 14 instruments in 1, 
temperature and barometric compensators, a ground 
straight edge for support of the inclined tube, 
and many other features, Meriam Inclinometers 
insure the exceedingly accurate measurement—di- 
rectly in standard flow units—of the air consumed 


by aircraft engines under test. 


Meriam Inclinometers are widely used by practi- 
cally every prominent aircraft manufacturer for 
laboratory and production testing. They meet 
every requirement of the engineers who asked 
Meriam to build a precision indicating instrument 


suitable for this exacting work. 


Few people will ever need, or perhaps even see 
an inclinometer, but the same skillful manufacture, 
the careful attention to minute detail, the depend- 
ability, and durability that suggested Meriam in- 
stinctively as the logical builder of this exact testing 
instrument, is available in the more standard types 
of Meriam manometers, meters and gauges. They 
are meeting daily, the requirements of thousands of 
different industrial operations. 





Manometers, Meters and Gauges for the 
accurate measurement of Pressures, Vacuums 
and Flows of Liquids and Gases. 






Another example of 
MERIAM service to industry 


Standardize on Meriam instruments for pressure, 
vacuum, and flow measuring problems requiring 
liquid column indicating instruments. Our engi- 
neers will be glad to cooperate and offer sugges- 
tions. Literature descriptive of U-Type Manom- 
eters, Well Type Manometers, Vertical and Inclined 
Tube Flow Meters, Mercury Pressure Gauges, Tank 
Liquid Level Gauges and other instruments sent on 


req uest. 











RESENT-DAY trends toward lighter and more pow 
erful aircraft engines make it essential for the design 
engineer to know how efficiently he is using each 
pound of metal. This knowledge is obtained more quickly 


and efficiently by proper instrumentation; consequently, the 


demand for more and better instrumentation has been stead- 
increasing. Many problems arise in the instrumentation 


required in obtaining specific items of information, but one 


problem remains common to all: proper calibration. 
Calibration problems are as varied as instrument types. 
The particalar instruments of concern are the seismic and 
ly-indicating velocity type for measuring both 
inear and torsional vibration. Calibration of these instru- 
ments core ists in determining the electrical output over the 
complete expected operating range of frequencies and am- 
plitudes. ‘she effects of temperature and motion at right 
angles to .he direction of measurement must be considered 


? 
i 
1 


in linear units, while temperature and unbalance must be 
considered in torsional units. If accurate and dependable 
results are to be expected, great care must be exercised in 
determining these factors of calibration. Minor damage to 
pick-ups often changes the amplitude or frequency re 
ponse as much as 30% and the damage may not be ap 
parent by visual inspection. This necessitates periodic 
checks of the frequency response. 

There are various methods of calibration, but the actual 
vibration of the pick-up unit through known amplitudes is 
basic. Frequency response, particularly at the higher fre- 
quencies, is sometimes obtained by introducing magnetic 
fields into the unit, but sizable inaccuracies may be intro- 
duced by the unknown response of the added field. 

The calibration method which probably is the most widely- 
used takes advantage of excitation by means of cams and 
universal joints driven by an electric motor. These excita 
tion methods have proved satisfactory up to 100 c.p.s., but, 
in general, are not satisfactory above 125 c.p.s. In cases 
where it is not desired to measure above 100 c.p.s., it is 
unnecessary to calibrate beyond that point, but the writer 
finds numerous occasions where vibration up to 300 c.p.s. 
must be measured. In such cases it is unwise to depend on 
the continued linear frequency response of the unit beyond 
the frequencies investigated. This is indicated in the curves 
presented in this article. It was with this extended range 
of calibration (10 to 300 ¢.p.s.) in mind that the units here- 
in described were designed and built. 

The force required to produce force vibration at 300 e.p.s. 
in a linear pick-up and its holder is excessive for desirable 
working conditions. 

In the case of torsional pick-up units, a motor speed of 
9000 r.p.m. and an extremely heavy, rugged system would 
be required to insure accurate results. Even if the system 
were sufficiently rugged, it would be undesirable to turn 
most pick-up units at 9000 r.p.m.; consequently, in calibra- 
tions above 100 c.p.s., it is only natural to turn to systems 
of resonant vibration. 

Fig. 1 is a simplified diagram of a system for producing 
linear vibration in which resonance is incorporated. Base A 
is a 200-lb. cast iron angle, rigid enough to be used con- 
siderably beyond the 300 c¢.p.s. limit, and with integral 
braces on each side to prevent bending. The source of force 
for vibrating the pick-up unit is a permanent-magnet loud- 
speaker unit B, capable of carrying 50 watts, with its mov- 
ing coil fastened to connecting rod E. The moving coil, 
pick-up unit, and connecting rod are carried by flat parallel 
springs C. These springs were designed to obtain a natural 
frequency of 10 c.p.s. and, at the same time, to hold the 
moving coil in the proper position. The system, thus far 
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over a 30-to-1 Frequency Range 
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described, will produce 0.020” total motion up to 50 ¢ 
with a four-ounce unit. Above this frequency, it is ne 
sary to resonate the system by means of the tuning bat 
A series of tuning bars permits a complete: calibration 
to 400 ¢.p.s. at 0.010” total motion. The bars are held 

idly to base A and are clamped to the pick-up driving 

E by means of knife edges. This is to prevent the pick 
from going into vibration at right angles to the direct 
desired. This unit is powered by a 50-watt booster am; 
fier and a beat frequency oscillator. 

To obtain accurate calibration, it is necessary to be a 
to measure the vibration accurately as well as to produ 
it. This proved to be somewhat of a problem, but was sol\ 
by use of a magnified direct-reading system. A mechanis 
for producing a line of light was attached to the vibrati 
body, and the band width of the vibrating line was meas 
ured by a calibrated microscope. Fig. 3 shows this set-up 
diagramatically. A Bakelite block A, 1” long and \% 
square, completely encloses a 3-volt, 2-amp. light except for 
a small opening limited by the edge of a razor blade B. T!} 
only light that can be seen at right angles to the length of 
this block is that which reflects from the edge of the razor 
blade. With proper honing of the blade, this line of light 


4 7 
Fig. 1 T r 7 [ ] 
ig Fs 
\¢ 
Pi 
T) . —* 4 ———— 
meee Ee 
: y yl 
| 4 
D or | 
J | 

















Fig. 2 








be reduced to less than 0.00025” in width. The line is 
ed through a 40-power microscope C. The cross-hatched 
ion of the field D, represents the amplitude of vibration. 
ind G of Fig. 1 show this set-up as it applies to the 
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ar calibrator. The accuracy of measurement by this 
thod is a function of the line width in relation to the 

il amplitude being measured. 

{ universal joint, driven at an angle, is a means often 

d for calibrating torsional vibration units. This intro 

es a second-order rotational vibration. Calibrations can 

btained also by introducing torsional vibration without 

‘tation. The following discussion pertains to the latter 

ethod. 

In the pick-up unit under consideration, the output elec- 
trical indication is produced by differential motion between 

e inertia body and the part following the torsional vibra- 
tion. This relative motion may be produced without rotating 
the unit, and the calibration will be valid, if certain factors 
can be proved to have no effect on the calibration. 

One of these factors, the l-order indication, may be in- 
troduced by the effect of extraneous fields on the unit. This 
may be checked by rotating the unit at constant speed and 
observing the indication from the unit. In improperly 
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Fig. 5 


shielded units, the earth’s field may cause indications of 
ignificant amplitude. 

The second factor is the effect of linear vibration on 
rsional indications. This effect is a function of unbalance 
n the unit. This may be checked by rotating the unit on a 
lightly eccentric shaft. If the unit is in balance, the linear 
ibration will produce only a negligible indication; but, 
hould unbalance be present, a significant 1-order indication 
vill be observed. 


These two factors determine at least in part the limit on 
reliable low-amplitude readings. 

The third factor is the effect of relative torsional dis 
placement of the inertia unit due to the rotational load 
This relative displacement may be checked by a strobotac, 
and the error due to displacement may be determined by 
actual calibration. This error is negligible if the displace 
ment plus the torsional amplitudes does not exceed the 
limits of amplitude linearity. 

After these three factors have been investigated and eval 


uated, the unit may be calibrated without being rotated. 
The torsional calibrating unit as well as the linear unit 
takes advantage of resonant vibration to reduce the r 


quired power and to attain higher frequencies of vibration 

Fig. 4 is a simplified drawing of a torsional vibration 
calibrating unit. The unit consists of a special motor ca 
pable of producing torsional vibration, the rotor of whicl 
is connected to a metal disk B by a thin shaft D. A quite 
rigid shaft connects the rotor to the pick-up unit. In this 
way, the rotor and the pick-up unit act as one member of 
the resonant system, and the disk acts as the other. The 
inertia of the disk B is made large compared to the rotor 
and pick-up unit so that most of the vibration will exist in 
the pick-up unit. The shaft D and rotor are mounted in 
ball bearings, and the disk B may be adjusted along the 
length of the shaft to produce various resonant frequen 
cies. Resonant frequencies from 70 c.p.s. to 300 ¢.p.s. may 
be attained by adjusting one weight. Additional weights are 
added to produce lower resonant frequencies. 

The amplitude is measured as in the linear calibrator 
except that the chord of the are of vibration is measured. 
lig. 4 shows this arrangement of the microscope C and 
light source E. This is sufficiently accurate over the range 
of amplitudes of most pick-up units. 
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Fig. 6 is a diagram of the motor used to produce 
sional vibration. A ‘&-hp., 4-pole a-c. motor was rewound 
to fit specifications. Two opposite poles were wound f 
alternating current and for electrically matching a 4-ohn 


output transformer. The two other poles, carrying d-c 
windings of about 2 ohms, are energized by a 6-volt stor 
age battery. Since the rotor is of the squirrel-cage type, n¢ 
brushes or commutator are required. This is important it 
reducing damping and in making the instrument mor‘ 


rugged. 


When voltag Ss pplied to tl | , ’ 
poles are set up as shown in Fig. ¢ Wher 
pplied to the a-c, field, the following action t 
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Figs. 2 and 5 are photographs of the linear and torsional 
calibrators now in use. (Continued on page 212) 
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Y the time this story appears 

in the October issue of /nstru- 

ments magazine, Braniff Air- 
ways will have installed on its fleet 
of 21-passenger liners a new navi- 
gational instrument called the 
Sperry dual automatic direction 
finder. This is a refinement of the 
Sperry-RCA automatic direction 
finder which Braniff introduced to 
the air transport industry in De- 
‘ember 1939. It was conceived joint- 
ly by Reeder G. Nichols, chief radio The author, a Kelly Field 
inspector for air carriers of the tad, is a Captain in the 
Civil Aeronautics Authority, and a oe 
L. H. Luckey, our operations manager. They were sitting 
in Luckey’s Dallas office in January, 1940. Nichols had just 
finished an inspection of Braniff’s radio navigational facili- 
ties and was congratulating Luckey on the performance 
which our airline was enjoying with the then-new single- 
needle direction finder. To demonstrate a point of discussion 
Luckey was using the top of a round tobacco can to simu- 
late the compass face of the direction finder and a pencil to 
simulate the needle. 

“You know,” said Nichols, “It would be great if someone 
would develop a direction finder with two needles, like clock 
hands, so you could automatically get a cross bearing.”’ 

“Yeah,” said Luckey, subconsciously placing a second 
pencil in position on the tobacco can top, “it sure would.” 

“Wait a minute!” said Nichols. Then, after a pensive 
pause: “‘That may not be too tough. Now that the principle 
of coordinating a radio receiver, a radio compass and a 
compass face has been worked out, I don’t know but what 
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Two Needles Are Better Than One 


By RAY C. SHRADER 


Chief Pilot, Braniff Airways, Inc., Dallas, Texas 





two radio receivers, two radio compasses and two need 
can’t be coordinated.” 

“Why not?” exclaimed Luckey. 

“Why not!” decided Nichols, and went to work on 
problem. 

So, Nichols the radio wizard and Luckey the operati: 
genius put their heads together. As Luckey modestly 
calls, Nichols figured out what could be done to design a 
produce their brain child; and “any stiff could have figur: 
out what could be done with the product.” 

Sketches and specifications were drawn up and the prol 


lem of production was presented to the Sperry aircraft 
radio department. Sperry decided it could be done. Branifi 


placed the order. 


As its name implies, the dual direction finder has not 


one but two radio-operated needles, tuned to different rad 
stations. With its aid a pilot can establish a sky highway 
on which he can guide his ship from one city to another 
Or, he can tune one needle to a radio station to the rig} 
of his course, the other needle to a radio station to his left 
and thereby determine the ship’s exact position. 

Let me illustrate by the case of a Braniff pilot who take 


off from Chicago and proceeds to Kansas City. After he 


completes his take-off he tunes in one direction finder need 


back to a Chicago radio station. The other needle he tunes 


in to a station in Kansas City. As long as the two needk 
are 180° apart, or at “six o’clock,” he is proceeding on 


straight course. Or, flying from Chicago to Kansas City, 
the pilot could tune one needle to Ottumwa, Iowa, the othe: 


to Quincy, Illinois. Where the angles of the needles’ posi 


tions crossed on his airway map would indicate the plane’s 


exact position. 

In addition to the advantages I have described, Lucke) 
foresees other benefits to be derived from the new device. 

First off, it could supplement, even replace, the prese) 
radio beam on which domestic airlines navigate from poll 
to point. The beam is a radio track emanating from cor 
tinuously transmitting radio stations located along airline 
routes. As they fly a course, pilots listen to the signa 


through earphones. The signal is so transmitted that as 


long as the pilot hears a continuous tone signal he is “o1 
course.” If the signal becomes a dot-dash he knows he 


to the right of his course; if he hears a dash-dot he knows 


he is to the left. 
With the aid of the dual direction finder the pilot cat 


(Continued on page 308 
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illustrates how the dual direction finder the runway as long as 
is used to orient a ship's position. Proceeding overlap each other. As he 
from city A" co city “B’ the pilot checks his station (Position 2) the needle tuned to the range from the range station to the marker beacon t 
position by tuning one reedle to any radio sta- station swings completely 
tion left of his course, indicated as city and radio to point back at the range station. The needle to land 
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Diagrams showing the three principal uses of station ‘‘¢ and by tuning the other needle to tuned to the marker beacon continues to poin 
the new Sperry automatic dual direction finder iny radio station to the right of his course, indi ahead. As long as the two needles are 180 de 
Fig. 1 shows how the instrument is used to navi cated as city and radio station ‘‘D The apex of grees apart, the pilot knows he is proceeding ot 
gate on a straightaway course between cities. Leav- the corresponding angle on the pilot's route map a straight line from the range station to th 
ing city A’’ the pilot tunes one pointer-needle indicates the ship's true position. marker beacon and is lined up for landing on th 
(illustrated as the black one) to a radio station Fig. 3 illustrates how the instrument is used in runway just beyond the marker beacon. 

in or near city ‘A The other needle (illustrated instrument approaches, preparatory to landings As the ship passes over the marker beacor 
is the white one) he tunes in to a radio station As the pilot flies toward the airport at which he’ (Position 3) the white needle swings complete! 
in or near his destination, city ““B As long as_ is to land (Position 1), he lines up the needles around and continues to point back at the marke: 
the two needles are 1p0 degrees apart, the pilot by tuning one needle to the radio range station, beacon. In the meantime the black needle als 
knows he is flying a direct straightaway course to and the other to the marker beacon. In this posi- continues to point back at the range station. The 
his destination tion the pilot knows he is heading straight for pilot knows that as long as the two needles over 


the two needles exactly lap each other, pointing back at the marker bea 
passes over the range con and the range station, he is flying directly 


around and continues’ the runway and that he should be in a positior 
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The skilled craftsmen who build Pioneer Instruments work to 
standards as exacting as it is humanly possible to follow. And they work 
with highly specialized inspection equipment to check on and safeguard 
their precision, every step of the way. 


Pioneer Instruments have a icputation for accuracy that grows, as truth, 


retold and retold, will always giow ... into full and confidence. 
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By FRED S 


The Electromagnetic Balance—A High-precision 
Measurement and Control Device 


. EASTMAN 






Professor of Aeronautical Engineering (and Wind Tunnel Supervisor), University of Washington, Seattle, Wash. 


T was desired about ten years ago, at the University of 
Washington, to measure and record unsteady air loads 
imposed on airplane models in a wind tunnel. For that 

purpose the Electromagnetic Balance was developed! by the 
writer. It was observed that the device was suitable for a 
wide variety of measurements, but until recently no effort 
has been made to apply it to other than a few special prob- 
lems involving the measuring and recording of forces. The 
balance consists of a coil of wire suspended in the air gap 
of a magnet in much the same manner as the coil of a dy- 
namic loud speaker. The 
suspension is designed to 
allow the coil to move nor- 
mal to the magnetic flux 
with a minimum of re- 
straint. The current sup- 
plied to the coil is con- 
trolled automatically so 
that the travel of the coil 
under full load is only a 
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few thousandths of an 
inch. The result is that 
any force applied to the 
coil is instantly balanced 


by a corresponding in- 
current. An ex- 
tremely accurate proportionality 
between the current and the ap- 
plied force is insured, by supply- 


crease 1n 
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the current in coil B will be proportional to the current ir 
coil A and the multiplying factor is determined by the num 
ber of turns in the coils. Accurate adjustment is accom 
plished with shunts connected across the coils, and any 
series of multiplying factors can be provided with a selector 
switch and appropriate shunts. In this way it is possible to 
multiply a current in microamperes by 1000, giving accu- 
rate readings on a milliampere recorder. With three wind- 
ings on the coil, the current from two separate circuits can 
be passed through coils A and B respectively, and the auto- 
matically-controlled current in coil C will then be a meas- 
ure of the sum of the pulls of coils A and B. Thus, the 

addition or subtraction of any number of separate cir- 

cuits is made possible. 

The photoelectric control circuit now in use oper- 
ates on 110 volts a.c. and will 
easily deliver 7 watts of con- 
trolled d-c. output. The normal 
maximum current is 0.15 amp. 
but this can be increased con- 
siderably if the demand is inter- 
mittent. There is no apparent 
obstacle to providing consider- 
ably greater output if the addi- 
tional expense is warranted, but 
the present equipment is ample 
to operate numerous recording 

instruments in series and at re- 
NY mote points, or to operate small 


Fig. 1 
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ing the flux with permanent WY SN solenoids controlling higher en- 
magnets and controlling the cur- N Sy) ergy circuits. 
rent with photocells. Evidence N Ke The frequency to which the 
now available shows this propor- N ty NN g coil will respond depends upon 
tionality to be well within 0.1% yi : N } the resistance in the output cir- 
on balances now in use. In ob- S K N cuit, the ampere-turns in the 
taining this figure it was neces y — 12 coil and the sensitivity of the 
sary to include the influence of S: } photoelectric unit. Extremely ac- 
auxiliary equipment and there t yy curate reproductions of  har- 
fore the accuracy of the basic \ Ly” qZ monic load variations have been 
unit may be many times greater AY pn seer Key obtained up to one cycle per sec 
than indicated. hy4 ond, which was the limiting fre- 
The arrangement of parts 7 —— quency for the recording equip- 
may be seen in Fig. 1, which is 9 s saa A ment employed. Good response 
an assembly drawing of the first Kd MSS SS may be expected up to 25 e¢.p.s. 


unit. The 
cross-section of the ring-shaped 


permanent magnet 
coil appears as two black rectangles. The coil is attached to 
a central disk which in turn is attached to a tube extending 
up through the center of the permanent magnets. The mir- 
ror which controls the light falling on the photocells is at- 
tached to the top of the tube, and an adjustable dash pot is 
attached to the bottom of the tube. The load to be measured 
is applied axially to the top of the tube and can be exerted 
either up or down. The coil and connected parts are free to 
move up and down about from their neutral position. 
The permanent magnets are of Alnico which can be cast in 
the desired form. The maximum normal operating pull ob 
tained from this unit is six pounds, but larger loads can be 
balanced for short periods of time. The housing stands 10” 
high and 9” in diameter, and the unit weighs near 100 lbs. 
complete. 

Usually two or more windings are provided in the coil. 
Current passed through coil A will produce a force which 
will be balanced automatically by the controlled current in 
coil B. If the weight of the coil is balanced out mechanically, 

iFred S 


urement or 
Experiment 


Balance for 
Washington 


Force Meas- 
Engineering 


Eastman. An Electromagnetic 
Current Control. University of 
Station Bulletin No. 60, 1932 
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under favorable conditions. 
Doubtless, higher frequencies 
can be recorded if consideration is given to the requirements. 
Variations in line voltage cannot affect the current output 
because this is automatically adjusted to keep the coil in 
position. However, sudden fluctuations in voltage cause un 
steadiness in the output current which is sometimes obser \ 
able when the coil is shunted for high sensitivity. This 
trouble can be minimized if not eliminated by adding special 
filtering and voltage-regulating equipment to the vacuum- 
tube circuit. Nevertheless, the best solution to this problem 
is to provide a steady voltage supply. 


THE LATEST BALANCE 


During the past year the Instrument Laboratory Incor- 
porated (Seattle, Wash.) has manufactured a number of 
electromagnetic balance units. Numerous improvements have 
been built into them as a result of collaboration between the 
instrument company, the Lockheed Aircraft Company, and 
the writer. Fig. 2 shows the balance complete with photo- 
electric control circuit, indicating instrument and shunts 


also P. A. Borden. 
Instruments, Vol. 2, 1929, 


See Electric Balance. 
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providing eight different ranges. The maximum range covers 
10-0-10 lbs. and the minimum range covers 0.05-0-0.05 Ibs., 
but all are easily adjusted to cover somewhat greater or 
less load. A Weston Model 271 instrument was chosen in 
preference to a more accurate laboratory type, because 
readings were to be taken by photographing an instrument 
panel providing all pertinent data. Fig. 3 shows the various 
parts of the balance. The coil (upper left corner) is shown 
attached to the central tube, and the little mirror control- 
ling the light striking the photocells may be seen projecting 
out from one end of the tube. The heavy coil, just below, is 
used to magnetize the permanent magnets after assembly, 
and is left in place although it serves no useful purpose 
unless it should be desired to alter the magnetization later. 
The two castings to the right of this coil are parts of the 
adjustable dash pot, and the casting on the far right on the 
same row is one of the Alnizo permanent magnets. Another 
magnet appears with the housing in the row below and the 
pole-pieces are lying flat at the bottom. 


LOAD MEASUREMENTS 


Six of these balances are used for measuring the air loads 
on airplane models in the large wind tunnel at the Uni- 
versity of Washington, and an additional balance of this 
type is used to measure air speed.” Fig. 4 shows the instal- 

“Frederick K. Kirsten and Fred S. Eastman. The University of 


Washington’s New 250-MPH 8 xX 12 Foot Wind Tunnel. Journal of 
the Aeronautical Sciences, Vol. 6, No. 12, Oct. 1939. 





lation of one of those used to measure the fore ( the 
model. Loads up to 3000 lbs. on the model are reduced by 
mechanical linkage to approx. 10 lbs. applied to the balanes 
coil. The notched beam with its adjustable weight is used t 
balance out the major part of the load when it is desired t 
measure small increments. By so doing, a change of a frac 
tion of a pound in 1000 can be measured with ease. The 
entire weighing system is remarkably free from hysteres 
and lost motion, because flexure pivots (thin metal strips) 
have been used throughout.** The effect of the stiffness of 
these pivots can be detected only on the most sensitive 
ranges, and being linear, it can be included in the calibra 
tion. Pivot stiffness would be objectionable were it not for 
the extremely small movement of the balance coil even unde 
full load. 
AIR SPEED MEASUREMENTS 

Air speed in the wind tunnel is measured as in the case 
of a Venturi tube, by measuring the pressure diff 
between the low speed portion and the high speed portion 
of the air channel. Fig. 5 shows a pressure balance recently 
constructed for this and other laboratory purposes. The 


erence 


(Continued on page 10) 
C. H. Gibbons. Materials Testing Machines. /st ent Vol 
8, No. 3, March 1935, pages 76-78 
‘Fred S. Eastman. The Design of Flexure Pivots. Journal of the 
jeronautical Sciences, Vol. 5, No. 1, Nov. 1937, page 16 1. (Also 
1 more detailed analysis by the same author is presented in Uni 
ersitvy of Washington Engineering Experiment Station Bulletin 
No. 86, 1935.) 
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An Outline of AA’s Maintenance Procedure 


By R. W. MAJOR 


General Foreman, Instrument Shop, American Airlines, New York. 


AINTENANCE co] 

inspection and , 

repair of the ‘ 
vital engine and flight- 
control instruments 
which make up the in- 
strument panel of a 
DC-3 fall to the Ameri- 
can Ajrlines’_ Instru- 
ment Overhaul Shop at 
the Flagship fleet’s base 
at LaGuardia Field, 
New York City. Our 
department (which has 
heen credited with its 
share of responsibility 
for the high operating 
efficiency of the airline) 
employes forty-eight 
men, each an expert in 
some phase of instru- 
ment work, in an air 
conditioned, scientifical- 
y-lighted work-shop in 
Hangar No. 5. Each of 
the flight instruments 
under our jurisdiction 
is removed from a DC-3 
or DST at the end of 
700 hours of aircraft 
flight time. It is disas- 
sembled, inspected, 
cleaned, and adjusted. 
It is not replaced in the 
aircraft until after it 
has been subjected t 
test stand checks for 
complete accuracy 
After a total of 2100 


hou S has been logged 





on an instrument, it 
scheduled for a majo} 
overhaul. Taken fron 
service, the instrument 
is completely disassem 
bled and every part is 
examined. Any worn 
mechanism’ which can 
not be repaired is re 
placed. After rebuilding 
the instrument, we 
check it on the test 
stand against a “mas 
ter.” Then it is again 
ready for service. 
Among the_ instru 
ments overhauled are: 
Directional gyro unit, 
artificial horizon, rate- 
of-climb indicator, alti- 
meter, clock, air relay, 
manifold pressure gage, 
compass, bank-and-turn 
indicator, airspeed in- 
dicator, tachometer, 
cylinder-head tempera 
ture indicator, air tem 
perature indicator, and 
a number of others. A 
log book is kept of all 
flight instruments to 
provide accurate time 


checks. We also keep 
records of repairs on all 
instruments in the eigh 
ty Douglas Flagships 
and in the five Stinson 
Reliants used for su 
vey and instrument fly 
ing instruction. 


Single Unit for Numerous Aircraft Radio Tests 


By RALPH CORE 


Foreman, Radio Shop, American Airlines, New York. 


OMBINING a group of radio test units which formerly it easy to operate. All controls are marked and by turning 
were strung out over the bench, the staff in the Ameri- them ‘‘on” the set begins to function. We guarded against 
can Airlines radio shop designed a new test unit for mistakes in connfecting a set to a unit in that the cables em- 
the overhaul shop at LaGuardia Field. ploy Jones plugs: this system acts like a Yale key and pre- 


The new unit we devel 
oped will test all receivers 
used in the Flagship Fleet. 
In reality, it is a DC-3 or 
DST radio system condensed 
into a carrying case. It not 
only tests receivers as if 











they were actually working 
in the ship but sends tones 
through different parts of 
the circuits connected with 


t} 





e receiver to test vital 
parts within the receiver. It 
supplies its own power, as 
well as that for the receive: 
on test, from the 'regulan 
115-volt house current. Its 
design permits tests on new 
receivers and additional 
units in the future. We made 
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vents damage to sets 01 
testers. 

The large name plate in 
the center is the control for 
the 29A receiver, one of the 
latest types, and the Collins 
transmitter, which although 
it operates on ten different 
frequencies and has an auto- 
matic electric shift, is so de- 
signed that every operation 
can be made through this 
unit quickly and efficiently. 
These units are available to 
mechanics who overhaul all 
receiving equipment in our 
shop, and are used by in- 
spectors in the final check 
and alignment of the re- 


ceivers. 
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With the speed os 
of the wind! 


Thirty-five stories above Chicago's 





i. Michigan Boulevard, atop famed 
fa } ce A , 
_ Tribune Tower, sensitive wind 


built) respond to gale or zephyr 
p is 
































; 
4” measuring instruments (Bendix- 
' mi 
au 
j | In the lobby, 456 feet below, one 
’ i may read the precise current {| 
iw velocity and direction of the wind 
r gf and an anemographic record 
! 
0 re 0 e S of all its recent vagaries 
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Via BENDIX-CORY 


| AUTOSYN 


Remote Signaling Units 


Safeguard Trouble-Free Operation 


Standardized use of Kester Cored Solders for every soldering J 

operation in the manufacture of instruments for measurement ' 

and control, is one insurance of long, trouble-free operation. ‘ 
' 


It's a simple ounce of prevention worth many times an expen- 
syns do the trick, wired in 


i 
#)=SOA pair of Bendix-Cory Auto- 
! 


simple circuit (see diagram) 


f 

i 
sive “pound of cure.” '] 
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Parts soldered with Kester Acid-Core Solder are permanently i 
joined, because the high quality of the alloy enables it to resist tt between each instrument and 
bending, shock, vibration, contraction and expansion. Kester }@ its remotely-located dial They 
Rosin-Core Solder, specially made to meet exacting electrical re- / , aren’tcostly. They aren't delicate. 
quirements, is non-corrosive, removes fire hazard and makes cir- HY They aren't complicated 
cuits trouble-free from the start. ] Autosyns will transmit almost 
Production is smoother and faster with Kester Cored Solders 8 any kind of reading—pressure 
because the self-contained flux makes them easier to use—flux ty current load, r.p.m., position 
and alloy are in controlled balance, both as to kind and amount. i] rate-of-flow, count, dimension 
Guesswork is eliminated. i yi liquid level. In large aircraft they 
Consult Kester engineers about any manufacturing or service i | iH bring the functioning of engines 
problem involving use } r and control elements under the 
of Solder! There is no Ae eye of the pilot. In industrial 
obligation. it if! plants they bring required dial 
ie Ih readings to any central point 
i i Made in several sizes and types 
H HY accurate within 1] or 
i | (42° + or — on special order). 
4 & S T & R i t H Write for details. (It will be help- 
SOLDER COMPANY 1 i ful if you give some data as to c 
ig? your special problems.) 
4216 WRIGHTWOOD AVENUE i i 
CHICAGO, ILLINOIS : BENDIX AVIATIONCORP. / 2s 


Eastern Plant: Newark, N. J. 
Canadian Plant: Brantford, Ont. 


MARINE DIVISION 
754 Lexington Ave \ 
Brooklyn, N. Y. 
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By MOREY 


Notes on Some Engine Instrument Tests 






EGGLESTON 


Foreman of Instrument Shop, Western Air Lines Corp., Burbank, Calif. 


N spite of the shortage in planes and equipment caused by 
the National Emergency, Western Air Lines is maintain 


ing a high percentage of completed and uninterrupted 
flight An important factor in maintaining this record is 
the proper overhaul and maintenance of the instruments. 
Perfect operation of instruments during flight requires 
exactness in their overhaul and stringent tests before they 
go into an airplane. The instrument shop, in which this 
ork is done, presents an interesting study of technical 
achievement. In such a shop it 1s necessary to reproduce 
almost every condition to which the instruments are sub 


ected in flight through all atmospheric changes and engine 
conditions. In order to do this so thoroughly that a pilot 
ys rely absolutely on the accuracy of the informa 


be 


Cal iwa 


tion provided by his instruments, a separate test must 


devised for every instrument used in aircraft power plants. 
The testing equipment 

may be divided into two 

groups: (1) means for du 

plicating the operation of 

the instrument; (2) stand 

ards for accurate checks of 


the calibrations. 
Herewith are illustrations 


Fig a 


a . gage test 
of apparatus and brief ex eresvare 
planations of the procedures shop ait 

: » to 8 Ibs 
used by Western Air Lines aa ace 
in testing engine instru subjected 


sure than 


ments such as manifold 
pressure gages, tachometers 
a vacuum 


and temperature indicators. spiccmenininie 
The manifold 


gage tells the pilot the pres 


pressure 
set to 
pheric 
sure of the gaseous mixture 
To 


gain full efficiency from the 


. at actual 
entering the cylinders. ured in 
engine, the pilot keeps the 
pressure at the value 
by the engine man- 
ufacturers (in Western Ai 


pre 
scribed 





=] 

| \ 

} | { . - 

| (Q R= = a B 

— Se 

a= A 2 

a bed 

i] = 

i tif 

{ marr oor met avet wanr ee me 

= 

= 

= 

[=] 

j ; on 

[=| | 

| 
a asta — he 
INSTRUMENTS 
Page 288—Vol. 14 


Manifold 

stand. 
is increased by 
pressure, 

in.2) maximum 
instrument cannot be 
to 
that 
was designed. The air is evac- 
uated from the tank by 
pump. 
are 
that the mercury level can be 
corresponding 
pressure 
reading obtained on the scale 
pressure 
inches 





Lines’ case, Pratt & Whitney). These gages have a range 
of 10 to 50 of mercury absolute. Figs. 1 and 2 
show the manifold gage test stand developed in this shop. 
For testing purposes it to and de- 
crease the pressure from that of normal atmosphere and 
apply this change simultaneously to the instrument and to 
a mercury manometer. A surge tank is used to replace the 
engine and to eliminate pulsation. A mercury column with 
an adjustable scale calibrated from 10 to 50 inches is used 
as a standard measure to check the instrument. 


inches 


is necessary increase 


Going hand-in-hand with the manifold pressure gage in 
contributing to safe and efficient operation of the airplane 
engine is the engine-speed tachometer. This is a remote 
reading system composed of two parts: a magneto and an 
indicator. The magneto is a two-pole d-c. generator with 
output directly proportional to engine speed. It develops 6 

volts per 1000 r.p.m. of its 
shaft. The 
has a full-scale deflection of 


own indicator 


270°. Its mechanism oper- 
ates as does the conven 
tional d-c. movement but 


magnetic flux is distributed 
over this large deflection by 
suitable design of coil, mag 
net and pole-pieces. 


pressure 
Surge tank 
using 
regulated 
so 
In our shop, magnetos are 


checked by a true null meth 
od, the magneto voltage at 
an exactly-known speed 
bucking an exactly-known 
opposite voltage. A Strobo- 
tac, a standard voltmeter 
(accurate to 0.5%) and a 
balance indicator rated one 
volt (1000 ohms-per-volt) 
are used. A variable-speed 
motor drives a shaft to 
which are attached the mag 
neto and a stroboscopic disk 


a greater pres- 
for which it 


using 
and 
sO 


Scale 
adjustable 


atmos- 
and a direct 
and meas- 


ot mercury. 


Wb Tom to etminete | \ 
serge TY 











upon which are focused the flashes from the 


The magneto is tested by driving it at 1800 r.p.m. (dete! 


nined by the Strobatac) applying 10.8 volts to the stand- 
rd voltmeter, and adjusting the magnetic shunt until the 


alance indicator shows no deflection. See Fig. 3. 

The engine speed indicating instrument is tested as may 
e seen in Fig. 4, by connecting 
ird voltmeter to a variable d-c. 


it in multiple with a stand 


voltage source. A voltage 
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to-r.p.m. reference chart is used for the particular type of 
indicator being tested. 

The pilot is able to control the temperature of the air at 
the carburetor scoop, and that of the oil in the engine, by 
using engine equipment designed to regulate heat and cold. 
The various temperatures at these points are measured by 
electrical-resistance thermometers—which we in the field 
of aviation call electrical type temperature gages. We pr 
fer them to the capillary type remote-reading thermometers 
because they are easier to install and less subject to damage. 

There are two parts to the gage: the indicator located on 
the instrument panel and the resistance bulb attached to 
the engine at the point of temperature measurement. The 
instrument operates on the Wheatstone bridge principle. 
Part of the bridge circuit is contained in the indicator and 
the remaining arm is formed by the resistance bulb. The 
bulb resistance varies with temperature. Each change 
causes the Wheatstone bridge to be unbalanced in a direc 


Strobatac. 


tion and magnitude corresponding to the temperature 
which the bulb is exposed. The gaivanomete f the « 
ventional balanced Wheatstone bridge circuit is replaced | 
the indicato1 which is calibrated ‘ et Ka ( ( 
The indicator is tested by replacing its bulb with a rhe 
static switch made up of resistors calibrated to repres¢ 
the resistance of the bulb at various temperature I") 
makes it convenient to check the indicat it \ 
ef - i] 
4 
} 
: +. ; 4 
2 | . or 
ey ; Fig 3 } 
ance values. See Fig. 5. A table is supplied by the manu 
facturer for converting temperature to resistances il uc 
In the operation of aircraft engines it is necessary t 


know at all times the temperatures of the cylinder heads o1 
bases. Not only is there a temperature 
it is not safe to operate, but the 
ture indications, 
obtain efficient 


pilot uses tnese 


tempera 
In conjunction 


performance from his engines. A thermo 


couple is attached to each point at which the temperature 
is measured. A pair of leads (whose resistance is calibrated 
to two ohms) connects the thermocouple with the cockpit 
indicator which is a millivoltmeter calibrated to read fron 


0 to 600°F. 


The test for this instrument is similar to that of the 
engine-speed indicator, except that in this case a (-to-20 
millivoltmeter (1% accuracy) is used for a standard. See 


Fig. 6. The readings on the millivoltmeter can | pi 
with the manufacturers’ temperature-emf. conversion chart 


limit bevond which 


) 


with other readings, to 





Test and Calibration Equipment for Sperry 


Gyro 


Instruments, Western Air Lines Instrument Shoy 





ANNOUNCING ANOTHER AVIATION ISSUE 


ORE aviation-instrument articles are coming in as this issue 


enlarged and delayed 


already 


must be put on the press so as to reach you 


before October has entirely gone by. And others are promised! There is 


only one thing to do.. 


.and you may be certain that it will be done.. 


. ' 
»-soon. 

















Fig. 1 The Link trainer simulates Fig. 2. Having received 


the characteristics of a plane in flight 


Its instrument panel contains all the 


nstruments necessary for instrument tions as to the course he is to fly 
tiving ind all navigation situations 
f actual flight can be duplicated radio instruments found on_ the 


Instrument Flight Training for 





twenty-odd 
students now take up actual instrument flight 
Davis (right) gives a student captain (in the enclosed rear seat) instruc- 


Stinson trainers, which are equipped with all the essential navigation and 








Fig. 3. The control room of a TWA 
four-engine Stratoliner presents ar 
impressive array of instruments. All! 
three the principal navigation instruments 
are in duplicate. There are over 250 
dials, switches, etc. in the cockpit 


TWA 


Link trainer practice, the 
Chief Instrument Instructor 


hours of 


IW A's 


They are in one of 


line’s Douglases and _  Stratoliners 


First Officers and Captains 


By HUGH DAVIS 


Chief Instrument Flight Instructor, Transcontinental & Western Air, Inc., Kansas City, Mo. 


the spring of 1936 that I had my first experi- 
It was almost a fatal one. | 
couldn’t fly on instruments and had thought it 
important until one morning when I foolishly 
took off from the Savannah, Georgia, airport for Jackson- 
ville, Florida, with a ceiling of only 500 feet. It was expected 
to clear but it didn’t. I flirted with and hills, 
groping through fog over a good part of Florida before I 
enough to slip into Jacksonville. I determined 
there that 
without 


was in 
with instrument flying. 
never 
particularly 


tree-tops 


was lucky 
then and 
that 


Instruments are 


I wouldn’t get caught in weather like 
knowing how to fly on instruments. 
the life-blood of both the world’s oldest 
transportation. To the mariner 
and to the airman, knowledge of instrument procedures is a 


again 


ind youngest methods of 
vital necessity. This applies particularly to scheduled flying 


which, were it not for modern radio and navigational in- 
struments, would be an impossibility. 

The in flight of TWA is de- 
signed to equip pilots with every known method of instru 
ation that contributes to the safety and dependa- 
lity of flight. For training purposes, the staff utilizes four 


a fleet of single-engine Stinsons. 


trument training division 


ment navig 


Link trainers and 


Owing to the rapid expansion in TWA operations in the 
past two years, we have had a student first officer class in 
session practically 100 percent of the time. In addition to 
these classes, which last six weeks, our department has 
conducted the advanced Link and Stinson instruction for 
first officers being checked out as captains. Although I will 
not go into the details here, our training course for student 


first officers and student captains involves much more than 
the actual instrument navigation 

They undergo intensive instruction in meteorology, 
equipment radio, civil air regulations, and 
company all taught by experts in each field. 

TWA’s requirements for pilots are strict. Among other 
qualifications he must have a valid government instrument 
rating. However, the possession of such a rating does not, 


just schooling in 


dure S 


proce- 


familiarization, 
regulations 


qualify him in the eyes of the company to 
pilot one of our transports. He has the basic knowledge but 
not the specific knowledge 
flying. 


by any means, 


required for long-range instru- 
ment 

There are various 
a pilot in orlenting himself depending on the range 
of the airport in question. The student first officer, 
in many cases, has experience with just one type of range 


types of procedures and approaches 
used by 


pattern 


*Ixplained later in artick 
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station—the type on which he trained for his instrument 
rating. Nor is he familiar with the additional instruments 
to be found in the control cabin of a transport plane. To 
give him all this added knowledge is the function of the 
Instrument Instruction Division. 

The student first officer is already an accomplished flyer 
and merely needs experience with the new instruments and 
procedures he will use. Five hours of instruction in the Link 
him the necessary familiarization. After he 
has completed the other work required, he is checked out 
as a first officer and assigned to duty. 

In the past, the first officer did not again receive exten 
instrument navigation training other than that 
ducted through company correspondence and lectures until 
he was ready to be checked out as captain. Under a new 
plan now in effect, TWA first officers are given in 
of seniority the same instrument navigation training for- 
merly taught when they were being checked out to captain 
status. The new policy means that as far as instrument 
flying is concerned the first officer will have the same tech- 
nical knowledge as the captain and will lack only the actual 
flying experience required before check-out to captain status 
is allowed. 

As company expansion captains, those 
qualified by experience to take the captain check-out will 
only need to go through the line checks, transition flying, 
and ground course required in the Captains’ School, since 
the student captains already will have their advanced in- 
strument training. This advanced instruction in instrument 
flight procedures and techniques requires approximately 22 
hours in a Link trainer and from 15 to 18 in a Stinson. 

A Link trainer is an intricate device that simulates the 
characteristics of a plane in flight. The cockpit is equipped 
with all essential instruments needed for navigational train- 
ing, and with the machine it is possible to duplicate any 
number of situations and problems that will be met in 
actual line flying. Completely under the hood of 
the trainer, the student is as much on his own as if he were 
flying a four-engine Stratoliner on top of an overcast. His 
sole aids are the instruments on his panel board, consisting 
of Sperry artificial horizon, bank and turn, climb indicator, 
altimeter, directional gyroscope, compass, air-speed indica- 
tor, clock, and normal engine instruments. 

In the machine he practices the three main types of orien- 
tation procedure for radio range flying. An instrument pro- 
cedure that would work perfectly on one range pattern 

(Continued on page 313) 
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trainer 


sive con- 
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demands new 
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U. S. Aircraft Instruments, supplied for many years to the Air Services 
of the Army and Navy, are finding increasing favor among manufac- 
turers of commercial aircraft. Leading light plane manufacturers employ 
a specially designed line of U. S. instruments. 
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Hydraulic-system Test Instrumentation 


W. T. RATH 






General Foreman, Rapairable Parts Dept., American Airlines, Inc., New York. 


MPROVEMENTS in test stands for airplane hydraulic 


systems were effected recently as a result of experiments 
which we conducted in the manufacturing department of 
American Airlines, Ine. Designs of the two model stands 
now in use in the company hangars at LaGuardia Field, 


New York City, have been requested by military and air- 
line officials, indicating that this important development fo) 
aviation safety soon will receive wide use. 

Hydraulic stands in common use today throughout 
country employ only a hand pump to obtain the 
pressure to test only the individual part of the hydraulic 
system when removed from the plane. 

The new, improved stands which we developed at Ameri- 
outstanding in that the one which tests the com- 
plete hydraulic system has a simulated engine speed of 150 
r.p.m. to 3,750 r.p.m.—or from idling speed to full throttle, 
using the same pump that is installed on the Flagship engine. 

The hydraulic system consists of the following units: A 
1,000 Ibs./in.- pump installed in each engine, a supply tank, 
landing gear retract struts, flap control strut, auto pilot 
eontrol unit, a pressure accumulator, and the control panel 
which carries the three four-way valves to control the 
landing gear flaps and auto pilot, the main control regu- 
lator, relief valves piping. 

At regular periods, we remove these parts from the Flag- 
ship and send them to the shop for overhaul. Each part is 
completely disassembled, inspected, and overhauled. Then it is 
installed on the test stand shown in Fig. 1 for pressure test. 

We have equipped this stand with a five-horsepower motor 
that drives a special high-pressure pump which automati- 
cally cuts in at 1,600 lbs./in.* and out at 2,100 lbs./in.? The 
back identical to the front which is 
pictured, so that two men may test parts at the same time. 

First, we see that the four-way valves are lapped in with 
fine compound until they will stand a 1,000-lb. test with no 
leak. Such a valve is being tested in Fig. 1. (Note at the 


right the hand pump which formerly was used.) 


the 


esired 


can are 


side of this stand is 


= 


FU pe 
a 





Fig. 1 
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This stand also has its own oil reclaimer to insure t! 
the oil being used is the same as in the Flagships. All t 
oil from parts being tested is returned to a 20-gal. ta: 
and then by use of the valves shown in the photograph, 
pump the oil through a special reclaimer unit and back 
the main supply again. 

We have found that this process picks up any articl 
which may have gotten into the oil while testing. It ma 
be repeated indefinitely. 

At this stand, we test the individual valves, struts, lins 
brake control cylinders and all other parts of the hydraul 
system at the various pressures under which they operat 








Fig. 2 


on the ship. A selector valve quickly selects the pressuri 
desired for the individual part. This, we found, is essential 
because brakes operate up to 600-lb. pressure, the regulato: 
at from 600 to 800, struts at 2,000 and so forth. 

After all parts have been overhauled and tested, we as 
semble and install them on the stand shown in Fig. 2 for 
run-in and final operating testing. 

Since on this stand the regulator controls the pressur 
between 600 and 800 lbs./in.’, in testing the complete systen 
the pump builds up pressure in the accumulator until 800 
lb. pressure is reached, when the regulator cuts out and by 
passes the oil back to the supply tank. 

By operating either a landing gear retract strut or a flay} 
control strut, the pressure wiil drop to 600 lbs./in ?, at whicl 
point the regulator cuts and again builds up pressure. 

We follow this process in order to check all parts and t 
insure their proyer operation before re-installation in the 
F lagships. 

These stands were developed by American Airlines, Ine. i1 
its manufacturing department, of which the writer is gen 
eral foreman. Stand No. 1 cost approximately $2.500 to de 
velop, and the one for testing the complete hydraulic system 
stand No. 2, about $1,200. The writer believes, however, that 
copies can be made at much less expense. Thev are a great 
improvement over the hand-pump-operated pressure system 
that we used before. 
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Ohmite Products are veterans of service in Industry 
and National Defense. Write on company letterhead 
for Helpful 96-page Catalog and Engineering Manual 
No. 40. It gives Complete Data on Rheostats, Resis- 
tors, Tap Switches. 


OHMITE MEG. CO., 4887 Flournoy St., Chicago av 


be Kight with OAMITE 


 RHEOSTATS * RESISTORS * TAP SWITCHES 
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wh vy Cnginecs choose 





SMOOTH, GRADUAL, CLOSE CONTROL ... 
permanently built-in. Every turn of wire is a 
separate resistance step. Universal mounted metal- 
graphite contact brush, insures perfect contact 
with negligible wear on the wire. 


ALL-CERAMIC, VITREOUS ENAMELED ... 
nothing to char, shrink, shift or deteriorate. The 
wire is wound over a solid porcelain core, perma- 
nently locked in place and insulated by Ohmite 
vitreous enamel. Ceramic hub insulates shaft and 
bushing. Insures long trouble-free service. 


WIDEST RANGE OF TYPES AND SIZES... 
provides the exact unit for each control need. 
Ten wattage sizes, from 25 watts to 1000 watts, 
from 1-9/16” to 12” diameter. Many stock resist- 
ances. Special resistances, taper windings, tandem 
assemblies, and other variations 
engineered and produced for you. 
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ETERS. Made in various 
scale ranges up to 1000°F. 
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MOELLER MERCURY THERMOMETERS 
Made with "Moeller Glass Red Reading 
Column," making them easy to read 





under varying light conditions, at a con- 


siderable distance and over a wide range. 





MOELLER RE- 
CORDING THER- 
MOMETERS are 


Furnished in vari- 


ous ranges up to 
1000°F. or equiv- 
alent. Round or 


square cases. 


Also HYGROMETERS 
RECORDING PSYCHROMETERS 
HYDROMETERS 
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Write for catalog. 
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Fig. 1 
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Engineer's Station (right) and Radio Station (lett) on the Boeing A-314 Clipper, showing some ot the 


instruments other than those in front of the pilot. 


Anti-vibration Mounting of Airplane Instruments 


By 8S. J. ZAND and L. N. SWISHER 


Sperry Gyroscope Co., Brooklyn, N. Y. 


S modern aircraft instruments are required to be ex 
tremely sensitive, light in weight and comparatively 
small in size, it is only natural that they are operated 

by small forces and consequently must be delicate pieces of 
apparatus. Sensitivity and performance cannot be sacrificed 
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DEFLECTION IN INCHES 


Natural Frequency Curve 


for ruggedness. Furthermore, it has been demonstrated that 
the most delicate instruments, when properly mounted, will 
generally outlive the airplane. 

If certain rules are followed, the insulation of an instru- 
ment board against vibratory disturbances is easily carried 
out and, as reported by the superintendent of maintenance 
and repair of a large air line, the saving will be at least 
50 to 75° of the cost of maintenance of all instruments. It 
must be emphasized, however, that unless these simple rules 
are followed and the insulation of panels is carried out in 
accordance with scientific principles, the results may be 
worse than if the panel were left alone. Briefly: 
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(1) The panel itself must be sufficiently rigid and stiff to pr 
vent flexual vibration. The larger the panel and the greater th: 
listance between supporting points, the heavier the gage of th 
instrument board that should be chosen. 


2) The 


Instruments 
respect to 


( should be arranged as symmetricall) 
possible in weight distribution so as not to make th 
panel top or bottom heavy or one-sided, 

(3) All connections to the instruments should terminate in flexi 


ble couplings, such as rubber or flexible metal hose. 


(4) If shock absorbers are used to make the panel vibration 
proof, they should be mounted in a plane parallel to the instru 
ment board and passing through the center of gravity of the in 


which necessitates 
support is quickly 


part of a motion 
gravity of the 


because any 
center of 


strument board, 
the motion of the 
lamped out. 

(5) The panel with its instruments should be suspended throug! 
flexible means in way that the natural frequency of th: 
is not over 650 eyeles per minute. 


such a 
issembly 
Items 1 to 4 are obvious and do not need further explana 
tion. Item 5, however, needs clarification and this can only 
be done by referring to a mathematical relation between 
deflection and natural frequency and between natural and 
forced frequency. 
The natural frequency of a shock absorbed assembly is 
approximately 
1 / a 


f ee 
27 d 
For quick reference this relation has been plotted in Fig 
2 where 
f denotes the natural frequency in cycles per second 
g is acceleration due to gravity 32.2 feet per second 
d denotes deflections in feet 
Solving for d, 
ad O/At? MOT. ks we, «OE 
The transmissibility factor, which is the ratio between 
the forced or original amplitude and the amplitude obtained 
after shock proofing, or the measure of the disturbing force 
acting on the mounted instrument, is given approximately 
by the following formula: 
1/[(F/f) Et ew ~ t38) 
where F' is the disturbing frequency (in our case engin 
r.p.m.) and f the natural (sometimes called “free’’), fre 
quency of the panel. 


With these simple formulae and observing the other rules, 


Transmissibility 
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mounting instrument panels 
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RATIO OF DISTURBING FREQUENCY TO NATURAL FREQUENCY (F-fn 


Fig. 3. Transmissibility Curve. 

any panel can be made vibration-proof as required for the 
satisfactory performance of all instruments. 

Example—An instrument board weighing has an 
amplitude of 0.024”; the engine cruises at Find 
how much the original amplitude will be decreased if the na- 
tural frequency of the panel be made 450 cycles per minute. 
How much must the panel deflect to obtain this natural 
frequency? 


350 
1800 


lbs. 
r.p.m. 


Solution—As in our example F 1800 and f 450, hence 


by Equation (3), (F’/f) Transmissibility 1/15. There- 

fore the amplitude at the shock absorbed panel will be 

0.024/15 0.0016” or far within specifications. 

The deflection necessary to obtain this result would be 
g X12 32.2 X 12 

— f* (seconds) 4T* (450/60)* X 4 9.8 


0.175” or approximately 11/64” 

Assuming further that there is room for only four shock 
absorbers, each has to have such a characteristic of deflec- 
tion as to elongate 11/64” for a load of 7.5 lbs. Suppose, 
however, that the particular shock absorber which was on 
hand had a deflection of only 3/32” for this load; then the 
natural period of the panel would be approximately 600 
cycles per minute and the transmissibility factor but 1/8. 
In such a case the above shock absorbed panel would show 
amplitude of 0.024/8 or 0.003”, which would still be ac- 
from the of instrument 


an 


ceptable standpoint satisfactory 


performance. 

Let us now take an example where a piece of shock-ab- 
sorbing material was taken without due regard to its flexi- 
bility and had the deflection characteristic of, say, 0.01” for 
this load. Then the natural frequency would be 31.1 per 
1,866 per minute, our Transmissibility factor 
14.2, 


second or 


would become or the original amplitude instead of 
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4. Lord Bonded Rubber Plate 


Mounting used for flexibly Fig. 5. Series arrangement ot shear 


type plate form mounting. ‘This dou- 
bles the axial softness over the rating 


of the individual units and gives 
greater capacity without loss ot ex- 
(rcme sensitiveness., 


being 0.024” or less would become approximately 0.3”, with 
consequent fast destruction of the instruments. This ex- 
ample illustrates clearly, we hope, why we emphasize the 
fact that unless the above simple rules are followed, so- 
called “home-made” shock absorbers may do more damage 
than good. As a rule a % 2 deflection will be found 
satisfactory on most installations. 

It has been found that the most effective means for de 
veloping the elastic properties of a resilient material used 
as vibration insulation is to load it in such a manner that 
the principal strain in the material shall be shear. Particu 
larly rubber has much greater ability to absorb vibration 
in shear than when stressed in any other way. Shear type 
mountings give an initial tension condition to the rubber 
and a characteristic of being many times as stiff radially 
as axially. This permits a suspension comparatively stable 
in any desired direction, yet “soft,” with a natural 
frequency in the direction of the greatest vibratory dis 
turbances. At the same time hysteresis or internal friction 
of the rubber reduces the amplitude tremendously at reson 
ance as compared with springs, and oscillations due to 
shocks when taxiing, etc., are quickly damped out. This ac- 
tion is shown by the dotted lines in the transmissibility 
curve (Fig. 3). 


low 


Summarizing, there are five points to be remembered 
when using plastic shock absorbers: 


medium should be 


(1) The principal strain in the resilient sheat 

(2) The resilient medium should be concentrated in units of 
convenient size in order to afford control of the unit load and unit 
deformation, thus fixing the natural frequency of the damper and 
thereby making it possible to entirely avoid resonance conditions. 

(3) Anchorage must be obtained without impairing the vibration 
properties of the damper. 

(4) The insulation units must be compact, and so designed a 
to require little space for installation. 

(5) The insulation unit should be so designed that it may be 
manufactured in stock sizes, each size covering a limited and 
definite range of unit load and unit deformation; likewise natural 


frequency. 
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method of suspending aircraft instrument panel on shear type mountings to isolate the instruments from vibratory forces. 
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HIS finest American Electron Microscope is a surpris- 

ingly s#mp/e instrument: simple to install, simple to 
operate—and well within the budget of virtually any 
industrial laboratory. 

Preparation of specimens can easily be mastered by any 
competent technician. In actual laboratory practice, neg- 
atives have been hung up to dry less than ten minutes 
after the sample materiai was first taken from the test- 
tube! Direct observation on the fluorescent screen takes 
even less time. 

A practical commercial instrument, already in use at 
more than a dozen American laboratories, the new RCA 
Electron Microscope matches the performance of earlier 
experimental models—yet is compact, stable, and certain 
in Operation, with a minimum number of controls. It 
takes its power from a 120-volt, 60-cycle, single-phase 
A.C. line... gives instrument magnification up to 30,000 
diameters in ten electrically controlled steps—and useful 
photographicenlargement upto1 00,000 diameters. Com- 


plete descriptive data and literature are available on request 
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Rear case of a twin-row engine equipped with sixteen flush-joint type thermocouples for a survey of temperatures of metal surfaces and of bearings 
Fig. 2. The new United Air Lines No. 6C-257 shielded thermocouple assembly for cylinder-head, oil or air temperatures. 
Fig. 3. Cylinder-head insert for the UAL 6C-257 thermocouple. 


Aircraft Thermocouples 


By R. D. KELLY 


Superintendent of Development, United Air Lines Transp. Corp., Chicago, III. 


Fig. 1 
EMPERATURE is one of the prime governing factors 
for the most vital items of aircraft equipment, and its 
accurate measurement is an absolute necessity under 
operating conditions. Thermocouples of various types 
provide the most accurate-and-convenient means of deter- 


mining the temperatures of cylinder heads, cylinder bases, 
fuel, metal surfaces, air (atmospheric, cabin and carburetor 
intake), oil lines, winshields, heating system, brakes, etc. 
in addition, the operating temperatures of such accessories 
as magnetos, spark plug electrodes, fuel pumps, vacuum 
pumps, exhaust systems, etc., must often be determined and 

e find ngs al aly Z d. For all these, the thermocouple is a 
versatile temperature measuring tool, weighing little, re- 
quiring no external source of power and having a minimum 

trinsic lag.“ The purpose of this article is to discuss 
briefly the various thermocouple installations which have 
een utilized by United Air Lines for routine operations and 
for special test flights. 

Reasons for determining temperatures of some of the 
ocations are as follows: 

Cylinder heads, cylinder bases and spark plug electrode 
temperatures are used as indications of combustion condi- 
tions, which are functions of mixture, timing, etc. These 
temperatures must be kept within well-defined limits in 
order to preclude the possibility of cylinder head failure 
due to metal fatigue. 

Excessive temperatures could result from improper mix 
ture setting, improper cow! flap manipulation (cooling), or 
running under extreme power conditions without proper 
cooling or mixture control. In test work, these temperatures 
are prime indicators’ of preignition and broad indicators of 


nixture ratios. 


*Of course, the use of protective sockets, tubes, etc., which are 
improperly applied, too heavy, of incorrectly-selected material, 
ete., slows down the response considerably 
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Temperature can also be used as a rough indicator of 
detonation because detonation usually causes an increase 
in temperature over normal. In recent flight tests, detonation 
sufficiently severe to cause periodic violent vibration in the 
ship structure, was accompanied by an increase in tempera 
ture which soon stabilized. However, when preignition oc 
curred, the temperature rise was immediate and exceeded 
the 600°F. scale maximum in a short time (30 to 40 sec.). 

Fuel temperatures are, of course, measured throughout 
the fuel system on any given installation to insure that they 
are sufficiently low to preclude vapor formation due _ to 
boiling-off of the lighter ends 

Metal surface temperatures are measured throughout ihe 
engine in flight in order to study bearing temperatures, 
icing tendencies in the carburetor and induction system 
etc. This type of installation is shown in Fig. 1 which illus 
trates thermocouple locations in the induction system of a 
twin-row aircraft engine. 

Outside air and carburetor air temperatures are impor 
tant with regard to engine cooling and power output. Knowl- 
edge of outside air temperature helps avoid ice accumula 
tion on the plane. Windshield thermocouple installations are 
made for the purpose of studying methods of ice removal. 
Heating-system temperatures are taken in a study of the 
effectiveness of the heat transfer characteristics of the sys- 
tem. Brake temperatures evaluate the ability of the system 
to absorb the kinetic energy of the airplane without damage 
to drums, shoes or tires. 

The types of thermoelements vary with the applications, 
as follows: 

Type Range °F. Required Accuracy 


Copper-Constantar 100 to 570 +] up 1 5TO°F 
Iron-Constantar 00 to 1401 F. up to 500°F +1 above 500°F 


The iron-constantan couple (and leads) is most widely 
used in aircraft, because of low cost, ease of installation 
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Some 


idea of the 
space difficulties are conveyed by these two 


Fig. 4. limited-working- Fig. 5. 


UAL 


views of a successful installation of 
cylinder-head thermocouples. 


ind good serviceability. It is especially valuable for special 


that lead resistance is of no consequence. Its range is 
suitable except for special high-temperature installations 
such as spark plug electrode, exhaust tail pipe, ete. 

The most widely used type (form) of thermocouple as- 
sembly is the gasket type. The leads are silver-soldered 
to a gasket of copper or other material. The gasket has an 
extension or flange to which the leads are fixed. The wires 
are spaced about 7/32” apart on the gasket flange and are 
equipped with quick disconnects about 6” from the flange 
of the gasket. The gasket is then located under a spark 
plug, cylinder hold-down bolt, or whatever location is being 
studied. This type has the following inherent disadvantages 
for routine service: 


(1) The wire leads or the gasket flange break readily in service 

(2) They are damaged easily in handling. 

(3) They present an unworkmanlike appearance 

(4) It is impractical to attempt to shield them mechanically o1 
electrically. 

(5) Uniform seating of the gasket is critical and freedom fro 
corrosion important. In routine line service, tl factors 


call for a great deal of attention. 

To overcome these difficulties, United Air Lines developed 
the plug type thermocouple shown in Figs. 2, 3 and 4. This 
type has wide application for cylinder head temperatures, 
oil temperatures and air temperatures during routine flight 
operations. Copper-constantan are the thermoelements in 
this case because it is desirable to restrict to two ohms the 
resistance from the engine nacelle to the cockpit. Iron- 
constantan cable meeting this requirement would make the 
nstallations too heavy. This unit has been proven by years 
of service on United Air Lines and gives consistently ac- 
curate readings over an engine change period of 725 hours 
with a minimum of service attention. 

This plug type of thermocouple is also used for outside 
air temperatures and carburetor air temperatures. It is 
interesting to note that in the the outside air 
temperature the indication on the cockpit instrument of a 
United Air Line Mainliner will be from 3 to 5° higher than 
the actual outside air temperature due to the heat resulting 
from the adiabatic compression and friction effects of a 
180-mile-per-hour air-stream against the thermocouple. 

The carburetor air thermocouple must be located to give 
mean indications for “full cold,” intermediate and “full hot” 
positions of the carburetor heat valve. Heated carburetor 
air is utilized for the prevention and/or the removal of in- 
luction system icing. With the type of carburetor air heaters 
n common use, considerable stratification takes place with as 


case of 


Accessory section of one of the engine nacelles of 
Readers in plants and labs on the ground who think their back-of-the-board troubles are tough, are invited 
to study this unique photograph—first of its kind ever published—and thank their lucky stars.) 


work where a potentiometer can be used as an indicator 


= 





4 


“ 


~ 


a typical transport plane. (EDITOR'S NOTI 


Fig. 6. Diagram from a Lewis Engineering 
Co. catalog, showing a commercial form of 


assembly which finds uses on airplanes 
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over a cross-section of the air duct. 7 


couple must be located to show the most representativ 
temperature. This location is determined by test with sev 
eral thermocouples being installed across the area. T) 
carburetor air temperature study is of further importance 
in that the location of the automatic mixture control unit 
of the carburetor must also be placed in a location so it 
will always be subjected to representative temperature 
The automatic mixture control unit is temperature 
sensitive device and if it is located in a high-temperature 
region the carburetors will operate unduly lean. 

The flush joint type of thermocouple is generally use« 


for metal surface temperatures. It sts of a stud bolt 
drilled through to the threaded end, with the thermocoupl 
wires brought through and flush soldered on the threaded 
end. This end is then dressed down, and 
contact on the surface 
used most commonly 


cons 


IS used to m ike he 


desired. Twenty-eight 


yage wire 1S 
for this purpose. Sometimes the wires 


are simply silver soldered together, dressed down, and suit 


«bly fixed to the surface being studied. This type is used i1 
difficult locations (Figs. 1 and 5) where severe restriction 


exist as to space, ete. 

For cylinder base thermocouples the tips of the wires ar 
covered with a soft metal sheath, and these are peened into 
the radius of the cylinder mounting flange and are spaced 
about 7/32” apart. This installation is awkward to make 
however, and not stand up well in service. For ex 
tended tests, therefore, gasket couples are placed under t] 


Lit 


does 


cylinder hold-down bolts and calibrating data taken, to 
correlate the two types. 
One of the most difficult temperatures to take is that 


of the fuel. The use of any restriction in the fuel line is 
not advisable, hence, as a general rule a thermocouple either 
in the form of a simple wire junction or a gasket type unit 
is placed on the outside of the fuel line and the line, to- 
gether with the thermocouple, is wrapped thoroughly with 
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asbestos tape and then covered with wate 


glass. It has been found that the observed 





temperature is within 3° of the actual tem 





perature of the tuel in the line. 


In taking blower rim temperatures of fuel- 
air mixture the wire junction type of couple 
is used. This is prepared in a suitable boss 


which must be leak-proof. This boss is insert 
ed in outlets provided around the periphery 
of the blower rim. See Fig. 6. 

Aircraft thermocouple installation prob- 
lems probably are common to the installation 
of any temperature measuring device. The 





space in which one can work is greatly re- 
stricted (see Fig. 5) and once an installation 





is complete no corrections can be made in 
flight. Failure of any part of the tempera- 
ture equipment means discontinuing flight 
where testing is being done, and possibly de- 
laying a trip in routine service. No ship 
would be knowingly dispatched with defective 
thermocouple equipment since it tells the 
pilot if his engine is running satisfactorily. 
Thermocouples must be installed with due 
consideration being given to ease of installation and re- 
moval, interference with structure, electrical interference 


Fig. 7. A 


Only the temperature-measurements section of the “‘data box’’ has been lettered-in 


and any heat interference. 

The problem of reading temperatures in flight presents 
difficulties, especially where large groups of temperatures 
ure read for test purposes. The physiological effects of high 
altitude and rough air and the mechanical effects of ship 
attitude, ship vibration, etc., all must be taken into consid 
eration in preparing the set-up of instruments which will 
work with the greatest reliability and ease of reading. Fo 
test work of a fairly simple nature the pyrometer poten- 
tiometer is generally used in conjunction with a multiple 
position switch. With a fair degree of speed by the opera 
tor, twenty-eight positions can be read at an average rate 
of ubout eleven readings per minute. This time of reading, 
of course, varies: any change of conditions must incorporate 
uitable time for stabilization; and where extreme vibration 

present, it takes a skilled operator to balance and read 
the potentiometer in spite of the galvanometer needle 
winging all the time. The potentiometer is generally pro- 
tected as much as possible from vibration by means of a 
soft rubber pad, or blanket, or some similar arrangement. 

\utographic potentiometers providing continuous records 
on paper charts are occasionally used. However, they have 


been found to be a trifle slow since the readings take about 


seconds. These instruments are bulky and complicated but 


nerally perform well and give good accuracy. 

For tests of a comprehensive nature, indicators of the 
divect-reading millivoltmeter type are utilized. These must 
provide immediate response with a minimum of pointer 


overswing. Millivoltmeters are generally used with an au 


tomatic switch selector arrangement that is coupled in with 
photographic apparatus for recording the data. Fig. 7 shows 
one typical installation of this type in United Air Lines’ 


Mainliner and illustrates the general type of set-up used. 


his method is probably the most efficient, practical means 


1 


Fig. 8. One of the UAL test airplanes refueling at a desert station during 


te 


ur-month test period in the Southwest desert areas 
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typical UAL ‘‘data box’’ and camera for recording test data in flight. 


the 


of accomplishing long detailed flight test programs and it 
seems to be least affected by flight conditions. When it i 
considered that flight tests often are run within 1000 feet 
of the earth’s surface with a nose high ship attitude, on 
wing low, coupled with pitching, rocking and general bum; 

ing about associated with such low-altitude work, it can b 
appreciated that it often would be extremely difficult for ar 
operator to fix his eyes on an instrument dial and obtai 
accurate readings. The photographic method is the mo 

desirable under these circumstances, since the only atte1 

tion required is the turning off and on of the recording 
equipment. This type of equipment, moreover, does not fa 
tigue the operators. Test flights, as conducted by United 
\ir Lines, often are from six to eight hours in duratior 
at altitudes ranging from 1000 to 30,000 feet. At the higher 
altitudes especially, although the air is smooth, the effect 
of oxygen deprivation cause inaccuracies to creep in al 
though the operator himself may feel that his work is pre 

cise. Furthermore, his response to change of conditions is 
slow and the work proceeds slowly. 

During a recent flight test program, United Air Line: 
nstalled fifty thermocouples in each nacelle of a Douglas 
DC-3 twin-engine transport, as well as other special power 
plant test equipment such as flowmeters, torque meters, 


detonation indicators, etc. The airplane was flown for 17! 


hours with this equipment installed, and was operated al 
over the southwestern section of the United States, which 
meant that it was-far from repair facilities a good portion 
of the time (see Fig. 8). Spark plug gasket couples were 
used for this test work, and it was found that, as mentioned 
before, corrosion and breakage, rather than instrument 
troubles, were the major factors contributing to the unre 
liability of the temperature recording system. 

Fig. 7 was taken during an actual flight test. Approx! 
mately 100,000 separate frames of data were taken by the 
16-mm. motion picture camera mounted on the test panel 
Each frame shows all necessary powe1 
information as well as the correlating 
temperature data for the instant when 
it was taken. In addition the millivolt 
meters were visible at all times and this 
enabled the operators to detect, within 
15 to 30 seconds, any engine conditions 
which would have caused an actual me 
chanical failure of the engine had they 
been allowed to persist. This system 
further enabled the operators to wate! 
the development of this condition, take 
pictures of it and stop it before dam 
age of a hazardous nature was immi 
nent. The engine actually was allowed 
(Continued on page 308) 


course of a 




















Chief Test Pilot Burrell with one of his arrangements for recording aircraft flight data on 16-mm. film. In 
this set-up, the camera takes a direct picture of the panel. Mr. Lescher’s article describes the Burrell-Rudnick 


panel with the camera mounted IN the panel itself to take a reflected image of the panel 


Test Flight Data Automatically Filmed 


By GEORGE W. LESCHER 


Executive Engineer, Republic Aviation Corp., Farmingdale, N. Y. 


UPLICATE instrument panels—one in the cockpit an 

one in the interior of the ship—plus a motion-picture 
camera, are expediting the testing of the airplane 
products of Republic Aviation Corporation, such as the Com- 
pany’s P-43 “Lancer” pursuit-interceptor being manufactured 
for the U. S. Army Air Corps. 
By means of a unique proc- 
ess developed by George W. 
Burrell, chief test pilot at Re- 
public, and Ben Rudnick, the 
Company’s photochemist, data- 
taking during test flights has 
been made complete and entirely 
automatic, hence accurate. The 
process involves photographing 
all flight instruments while the 
plane is being put through its 
paces in the air. On their sec- 
ond instrument panel Burrell 
and Rudnick mount tempera- 
ture and air-speed indicators, 
chronometers, engine gages, 
ete., to a maximum of sixty- 
odd different devices. Also 
mounted in the panel is the 
lens of an ordinary 16-mm. mo- 
tion-picture camera. About 


special front-surface mirror 
reflects the instrument images 
and is photographed by the camera, utilizing fluorescent light 
for which current is supplied from the plane power plant. 
The camera drive is geared to expose one frame per second. 

With this complete rig, Republic’s engineer-pilots and 
ierodynamicists are testing all of their experimental air- 
‘raft with great speed and facility. Second-by-second re- 
cordings of all instrument readings are made for the dura- 
tion of the flight (the camera is loaded for a full hour’s 
picture-making). The completeness of detailed data effec- 
ively short-cuts the repetitious flying usually required 
) bring back an instrument recording of a flight-testing 


rogram. 





The new single-seat P-43 ‘‘Lancer’’ 
the aid of the flight-data-recording panel) for attacking bombard- 
four feet from the panel, a ment groups at altitudes exceeding 25,000 feet. This fighter is cellent that the photographic 


“little brother’’ to the still newer ‘‘Thunderbolt.' 


Common practice in the aircraft industry has been to 
require the pilot to note instrument readings, from his 
cockpit instrument board, while flying the plane and other 
wise busily engaged. Pilots could observe and record only 
one or two instruments at one time. Numerous flights were 
required for a full collection of 
data. The correlation of a wide 
variety of data, such as out 
side temperature, air - speed, 
cylinder-head temperature, al 
titude and engine oil tempera 
ture and pressure, could never 
be obtained simultaneously be 
cause cf the inability of the 
pilot to record so many differ 
ent readings at one time. All 
flight data had to be gathered 
piecemeal, laboriously — some 
times inaccurately, since a 
pilot’s readings were naturally 
affected by human frailty, fa- 
tigue, altitude strains, ete. 

With the Burrell system, as 
many as_ sixty inter-related 
instrument readings are ob 
tained simultaneously. The 
developed by Republic (with : d ie 

photographic work is so ex 
series can be enlarged on the 
screen to a size which per 
mits all instruments to be read accurately and easily. The 
reel can be run and re-run for different types of data 
study, instead of flying and re-flying the plane, as was 
required under previous procedure. 

The lighting, the type of film, the developing process, 
the instrument-arrangement in the panel and the reflecting 
surface—all have contributed to the success of Burrell’s 
system. He has made it freely available to other aircraft 
manufacturers. As far as is known, the best previous re 
cording of instruments on film has been to photograph 
fewer than a dozen on 35-mm. film, a type of camera and 
film too bulky to be tucked into a modern pursuit airplane. 
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Calibrating Tachometers with the Oscilloscope 


By EDWARD M. GLASER 


Kollsman Instrument Div., Square D Co., Elmhurst, N. Y. 


ERSATILITY, the outstanding characteristic of the 
\V cathode-ray oscilloscope, has made this relatively in- 

expensive device supplant the delicate and expensive 
string oscillograph in numerous laboratories and has made 
it become standard equipment in the electrical experiment 
er’s hideout or radio man’s shack. The heart of the cathode- 
electronic tube with three 


oscilloscope is an 


ray vacuum 


Fig. 1. Cathode-ray Tube 
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Fig Typical Oscilloscope Circuit for R.p.m. Measurement. 


elements for controlling and focussing a beam of electrons 
emitted from a hot cathode. (See Fig. 1.) With zero voltage 
on both sets of parallel deflecting plates, the spot remains 
in the center of the screen. By applying various voltages to 
these plates we may deflect the spot, the amount of deflec 
tion being proportional to the deflecting voltage. In general, 
horizontal deflection is used for “sweeping” or providing a 
zero axis; and vertical deflection for a voltage correspond- 
ing to the changing values of the phenomenon being studied. 

One of the oscilloscope’s applications is the measurement 
of frequency by comparing two voltages having the same 
frequency, or integral multiples of the same frequency. (If 
the two voitages are not so related, the images on the screen 
will drift. If the’ rate of drift is too fast to be timed, the 
relation of the unknown frequency to the known frequency 
could not be determined. ) 

The ability of the oscilloscope to compare two frequencies 
visually permits us to measure r.p.m.—which is but another 
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name for frequency. We measure r.p.m. by comparing 

unknown frequency to some standard frequency which m 
be obtained from an accurate tuning fork or oscillator, 

simply from the 60-cycle supply. The large light and pow 
systems have installed automatic frequency regulators ar 
their a-c. supplies constitute a good standard for tachor 
eter calibrations because the usual frequency variation 

negligible for this purpose. In measurements conducted du 
ing the last two years, the line frequency error was nev 
found to exceed 0.25% and, in the vast majority of rea 
ings, the error was unreadable, being less than 2 r.p.n 
More on this subject later. 

Fig. 2 shows the method of using the ’scope for settir 
the tachometer test stand or any variable speed device 
known points.* A small a-c. generator is attached to th 
shaft of the test stand. The generator output is fed to on 


| 3:2 5:3 5:4 
3600 2400 2160 2880 
2: 5:2 4:3 4:5 
1800 1440 2700 4500 
331 7:2 2:3 6:5 
1200 10286 5400 3000 
4:| 9:2 3:4 2 
900 800 4800 7200 
Fig. 3. Evolution of Patterns at Various Ratios and Speeds. 


set of. deflection plates—through a step-up transformer if 
the voltage is insufficient. The line voltage is fed to th 
other set of plates, usually through an isolating trans 
former for reasons of safety. (In Fig. 2, the voltage is de 
rived from the power transformer, a tap being provided 01 
the high-voltage secondary.) The two voltages are thus 
compared on the cathode-ray screen so, by varying the speed 
of the stand, they may be brought into synchronism at an} 
one of a large number of test points. The principal points 
are given in Table I together with the harmonic relation 
ships based on a 60-cycle line. For a 50-cycle line, multipl; 
all points by 5/6, ete. Fig. 3 shows some of the pattern 
obtained. For the complete list, it is imperative to hav 
some sort of tachometer connected as many of the point 
have complex patterns which are not readily recognized 


This tachometer need not be accurate because corrections 
*These points are the speeds at which the screen image stand 
still 
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TABLE I—TEST POINTS FOR A FREQUENCY OF 60 CYCLES 


Ratio R.p.m Ratio R.p.m Ratio R.p.m Ratio t.p.m 
6:1 600 Ge 2160 9-10 1000 2-8 760 
5:1 720 R-5 2250 §-9 4050 2-5 H000 
9-2 KOO R-9 2400 7:8 4120 
4:1 900 7:5 2570 6:7 4200 Less obvious 
far: 1028.6 1:3 2700 5:6 4320 points 
I 1200 a :4 USSU 1:5 1500 10:3 ORO 
“ 1440 blo sO00 ie 1630 13:4 1107.7 
9:4 1600 7:6 Os4 3:4 1kO0 11:4 1309.1 
2 7 1kO0 ee S150 ee | 040 be 1500 
9-5 2000 Q-® 2200 7:10 5400 »°7 2800 
4 2057.1 | ,6H00 2 5400 10:9 3240 


be made on the spot from the simple, or obvious points. 
the readings should be certain 
amount of ambiguity will result where two points are close 
together. 

With an oscilloscope having a 


may 


However, consistent or a 


large tube (say 5”) no 
experienced in obtaining the complete 
list of Table I; an apt student should obtain many more. 
With a 1” tube some of the points may be hard to detect. 
The smoothness of the stand will have a lot to do with the 
operator’s ability to get the points and hold them: the more 
complex the pattern, the harder it is to and to 
hold. Only a few minutes’ practice will be required to rec 
ognize any of the simpler points. 


difficulty should be 


perceive 


HOW THE ’SCOPE OPERATES 


To start, we assume that the generator delivers a smooth 
containing no The 
simplest point is the one at which the two frequencies are 
the same (60 cycles) and the ratio is 1:1. If the generator 
the running at 3600 
1-pole winding, the speed will be 1800, ete. 
r.p.m. = 7200/p 


wave-form harmonics (a sine wave). 


has a 2-pole winding, stand will be 
r.p.m.; for 
according to the formula: 

number of poles. 
that the vertical 
posts of the oscilloscope and the line to the horizontal posts. 
The generator alone will cause the beam to draw a vertical 


where p 


Assume generator is connected to the 





line as in Fig. 4(a); the 60-cycle line a horizontal line as 
in 4(b). Fig. 5(a) represents the generator voltage which 
(A) (B) (C) 
GENERATOR 60 ~ LINE BOTH IN 
DEFLECTION DEFLECTION PHASE 
Fig. 4. Basic Oscilloscope Patterns 
i iN 
! \ | \ 
aie 1__,—,- +—— 
Le ay 
Vy Vy 
(A) (B) 
GENERATOR LINE BOTH IN PHASE 
AND IN SYNCHRONISM 
Fig. 5. Voltage Waves Producing Patterns of Fig. 4 
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° ° ° ° ° 
.¢) 45 90 135 180 
Fig. 6. Phase Angles 1:1 
° °o ° ° ° 
0 45 90 135 180 


Fig. 7. Phase Angles 2:1 
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causes the trace of 4(a). 5(b) shows the a-c. line volt: 
which produces 4(b). Remember, we are considering 
case where both frequencies are equal. 

If both voltages are applied simultaneously and | 
start at the same time (in phase), the result will be a 
slanting line as in Fig. 4(c). The corresponding voltag:s 
are shown in 5(c). A 45° line will result when the volta 
are equal. If the two voltage waves are not in phase, 
pattern will no longer be a line, but an ellipse. Fig. 6 shows 
the range of patterns obtainable with different ph: 
angles. Any one of these pictures, when steady, indica 
unison—a state of synchronism—and, in this case, 3600 
r.p.m. Similar reasoning applies to all other points; « 
ample, the 2:1 point, 1800 r.p.m. shown in Fig. 7. 

All patterns shown are for 60 cycles on the horizont 
posts and the generator on the vertical posts. If the leads 
are reversed so that the a-c. line is connected to the vert 
cal posts, the pictures will be rotated 90°. (The X and 
axes will interchange). 

Points below 10 cycles, or 600 r.p.m., are not included 
Table I because of the difficulty of interpretation due 
flicker. However, it is possible for the experienced observ: 
to get points down to 500 r.p.m. Flicker is also bothersome 
in the vicinity of the simple points. The worst 
3600 where, for about 400 r.p.m. either side of synchronis: 
the flicker prevents recognition of other points. At the 2 
points (1800 and 7200) the region of interference is about 
half as wide: 200 r.p.m. on either side. 

Most cathode-ray tubes take from 75 to 250 volts on the 
deflection plates to give full-screen deflection. Therefore, at 
the lowest speed at which it is desired to set the stand, th 
voltage must be sufficient to give a reasonable amount of 
deflection—say 14 to 12 screen. If the generator is incapa 
ble of supplying this voltage, a step-up transformer o 
amplifier must be used. At Kollsman, we use a type 377G 
1-pole electric tachometer generator which is used with a1 
electric tachometer. At 1000 r.p.m. the generator delivers 
approximately 6 volts, which is stepped up to 60 by a 1:10 
step-up transformer. The transformer is of low-burder 
design; that is to say, it alone draws little power from th« 
generator. Since no “power” to speak of is required for de 
flection of the cathode-ray beam, the transformer may be 
considered as operating without load. The larger and more 
expensive which are usually called oscillo 
graphs, nearly always have self-contained amplifiers. Thess 
amplifiers always have a gain greater than 10 times and 
often reach several hundred times, so that no transformer 
is required. 
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Fig. 8. Filters for Im- 
proving Wave-form. 
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(B) 





In presenting the subject of patterns we assumed eac 
voltage to have a sine wave-form. This was necessary t 
give us smooth figures, the easiest to recognize and repro 
duce. The a-c. supply, in the large industrial centers wher 
most Instruments readers work, has a nearly-perfect sin 
curve wave-form. However, such is seldom the case wit! 
small generators. If the available generator has a roug! 
wave-form (say more than 15% harmonic distortion) it 1 
advisable to use a low pass filter to attenuate the hai 
monics, thus making the wave-form approximate a _ sin¢ 
curve. This filter may be simple, as shown in Fig. 8. The 
dual capacitor and resistor shown in Fig. 8(a) will suffic 
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STANDARD FOR TESTING OTHER GAUGES 


reliable way of testing 
w 
Important feature 


144% 
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DON TUBE LABORATORIES: 


275 NOBLE AVENt BRIDGEPORT, CONNECTICUT 
EMERY COMPANY | 
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NEW 
Effective Temperature 
DIRECT READING 
INSTRUMENT 


The Bailey-Parsons Therhumiter 
indicates the combined effect of all 
three atmospheric factors—temper- 
ature, humidity and air motion. Asa 
guide to proper working conditions 
in industrial plants, workshops, lab 
oratories, hospitals, offices, etc., it 
is indispensable. The EF- 
05) FECTIVE TEMPERA 
TURE indication on the 
red spirit thermometer in 
(R) center (see illustration) 
<—"s has been achieved by com 
bining both wet and dry 
bulbs on a _ single stem. 
Write for descriptive bul 
letin BP. The Bailey-Par- 
sons Therhumiter, furnish- 
ed in wall or desk types, is 
manufactured and distri- 
buted exclusively by 


WEKSLER THERMOMETER CORPORATION 


52-56 W. HOUSTON STREET, NEW YORK CITY, N. Y. 






Manufacturers of a complete line of 


THERMOMETERS, HYDROMETERS and HYGROMETERS. 
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in most cases although the smoothing will be more near 
perfect with the 2-section filter of Fig. 8(b) which is re 
ommended for generators having bad wave-forms. Increa 
ing the values of the components will also aid the filterir 


NOTES ON COMPONENTS 
In many cases, Cy; may not be required. 
Value in Fig S(a) 
For i low-voltage generator 
C C ly mfd. R 20,000 ohm, 1 Watt. 
For a high-voltage generator, or in the secondary of a 1:10 step 
transformer 


C C 0.1 mfd. Rk 30,000 ohms. 
Values in Fig. &(b) 
C Cc li, ¢ for optimum performance 
Values of R and C; the same as in Fig. 8(a) 


When a step-up transformer is used, a single 0.5-mf 
capacitor across the secondary may suffice. Otherwise, th: 
reduced values shown in the figure must be used or thi 
attenuation will be too great. When the correct values ar 
used for the particular set-up, the amplitude of the patter 
will remain constant for wide variations in speed, obviating 
the need for constant deflection adjustment. Filter chokes 
are not recommended for this filter as the voltage charac 
teristic will probably be peaked. Use of a choke causes to 
sharp a cut-off when operating over a range greater thar 
s fi) 4. 

In cases where greater accuracy is required than may be 
obtained from the power line, a tuning fork may be used. 
Electrically-driven forks have accuracies of the order of 
0.005%. For checking the accuracy of a 60-cycle fork, fo 
instance, an amplifier feeding an electric clock may be used, 
in which case tuning-fork time may be directly compared 
with standard time. If kept at constant temperature, a 
good fork will keep time to within a few seconds a day 
One second per day is one part in 86,400, or 0.0012%. 

Good aircraft tachometers have error limits of 10 r.p.m 
up to full-scale. The standard may be considered satisfac 
tory if the errors are held to about 2 r.p.m. at 2000 r.p.m., 
which is 0.1%. The 60-cycle supply in our district is held 
within that accuracy during most of the workday. We 
notice that the greatest variation occurs at starting time 
and quitting time when there are large sudden changes in 
power load; also with the approach of a sudden “blackout”’ 
thunderstorm which also causes an unexpected peak. It 
should be remembered that the average accuracy is “per 
fect” because electric time must be maintained accurate 
to a few seconds. Over a longer period of time (say six 
hours) it must still be within a few seconds. The large 
utilities pride themselves on regaining daytime droops so 
that their time is accurate to one second at midnight every 
night. Therefore, if an accurate calibration job is under 
taken, an average of several calibrations at different times 
of the day wili tend to wipe out any instantaneous in- 
accuracy. 

Another use of the oscilloscope is testing accelerometers. 
It was found convenient to use a turntable running at 
known speeds. The speeds are obtained as described above, 
by getting the turntable almost up to speed with a good 
tachometer, then turning to the oscilloscope. Accelerating 
slowly, the switch is opened just as the image becomes sta 


tionary. 


The Front-cover Photograph 


AKEN during the flight-testing of the Boeing 307 
Stratoliner, shows the unique methods used by the com 
pany for recording test data in its various types of air 
planes. On the special instrument board installed in the pas 
nger cabin, are sixty-five instruments: twenty-eight regu- 
lar aircraft instruments and thirty-seven manometers for 


se 


recording pressures in various systems. This complete board 
is photographed at intervals during a test, recording data 
faster and more accurately than could a dozen observers. 
Sometimes as many as eighty pictures are taken during an 
hour’s test flight. Data are transcribed directly from the 
developed negatives, run through a viewing machine, and 
photoprints are made for permanent records. 








Two More Flying Laboratories 


OT so many years ago the very idea of a flying labora- 
Nts was news. Today the news interest lies in the 
articular field of research for which “another flying lab” 
s equipped. In this issue we show glimpses of several: 
Boeing’s (cover) is described on the facing page; others 
in the articles by Kelly and by Lescher; here are two more: 





The above photo taken in the cabin of the Sperry Gyro- 
scope Co.’s Air Lab (a Lockheed with twin Wrights) shows 
also a glimpse of the cockpit. In the nose of this ship, for- 
ward of the pilot’s instrument panel, there is a large light 
compartment with space for a table, chair, recorders and 
room for working behind the panel itself. Field of research: 
aircraft instruments. 





\nd here is a typical photo taken during a flight test of 
a Glenn Martin airplane. This aircraft manufacturer con- 


verts each new model into a flying lab. Field of research: 
all effects of various flight conditions on structural mem 
be 


rs, on other components, on auxiliaries, ete. 


Chicago Society for Measurement and Control 
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A NEW ELECTRIC 
BOND TESTER 





* COSTS LESS THAN $100.00 
AERO-GEN PYOBEL 


Completely self contained . . . exploring probes extend from 
muzzle ... the battery in the barrel . . . indicating meter and 
controls in the butt . . . fixed clamp cable attached to pistol grip. 


One man can do a rapid and accurate job. 


4 44 renm nos 
Nt ttt 1-OHMAIETER MIOBE: 
The battery-meter and controls are in the case... 
and exploring cables are easily connected 

NEITHER MODEL REQUIRES REFERENCE CURVES OR CHARTS 
. . . THE MEASURED RESISTANCE IS DIRECTLY READ FROM 
METER SCALE. 

Send for your copy of Bulletin No. B-33 details and prices are 
given. These low resistance testers can be used by non 
technical personnel. 


G|HALLCROSS MEG. CO... See 
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MULTIPLE SUPPLY OXYGEN REGULATOR 07-A 


(FOR AIRCRAFT) 
AUTOMATIC STURDY CONSTRUCTION 
CONFORMS TO AIR CORPS SPECIFICATION N X-40 

+ oe * 

PIONEER MANUFACTURERS of 
Oxygen Equipment for High Flying 
e “BAIL OUT” EQUIPMENT for 

PARACHUTISTS 


® MASKS and HELMETS for 
OPEN COCKPIT FLYING 
USE WITH OXYGEN REGULATORS 


® RESEARCH APPARATUS 
© TESTING EQUIPMENT 


THE GAERTNER SCIENTIFIC CORP. 


1211 WRIGHTWOOD AVE : CHICAGO - U.S.A. 











MEs HAiimitvil Boiiaas 
DIAL INDICATORS 





Made to A. G. D. specifications in four sizes with four- 


teen different dial numberings indicating thov- 
sandths, half and tenths of thousandths inches. Plain 
or jewel bearings. Shock absorbers for all models. 


Send for new catalog No. 52 


B. C. AMES CO., WALTHAM, MASS. 
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Aircraft Thermocouples 


(Continued from page 300) 


to proceed to the point of a failure in one of the combus 
tion chambers but as soon as the failure had progressed 
to the point where sufficient data had been recorded fo 
analysis, the engine was stopped to prevent damage of a 
inajor nature to either the engine or the ship structure. As 
a point of interest, the failure concerned was one of preig 
nition. It is obvious that an instrument with excellent re 
sponse characteristic is of vital necessity. 

The standard ships in service today have liberal thermo- 
couple installations—cylinder heads, outside air, carburetor 
air, oil lines, ete., all being so equipped. That our ships are 
checked carefully before dispatch is well-known, but even 
the readers of Instruments may not realize that this check- 
ing is mainly for temperatures, to insure the proper func- 
tioning of the various elements, and in particular the power 
plant. All indications now are that in the future much more 
extensive use of the thermocouple will be common, particu- 
larly for power plants, in order to operate all equipment in 
the most efficient manner. 


Two Needles Are Better Than One 


(Continued from page 282) 


supplement the beam signal with the visual aid of the two 
needles. But, say airline officials, both navigational aids are 
not necessary. In the projection of new airline routes there 
are many cities in need of air transport service between 
which no radio beam has been established. Radio frequencies 
are now so numerous in the U. S. that there are areas over 
which new airline routes could be advantageously estab- 
lished where possibly a beam could not be projected with- 
out seriously interfering with transmission and reception 
of stations already established. Here, predicts Luckey, the 
dual direction finder could take the place of the beam. 

Luckey forecasts that the dual direction finder can be 
used to guide ships in for landings, particularly effective 
in landing airliners after an “instrument approach.” This 
is a navigational procedure whereby a pilot lands a ship 
although the ceiling may be only from 300 feet to 1,000 
feet, depending on safety limitations individually prescribed 
by each airline, with approval of the Civil Aeronautics 
Authority, for each airline airport. As a ship may approach 
an airport for a landing, flying above the overcast and out 
of sight of the ground, point of orientation for the pilot is 
a radio range station or beam station which is located near 
the airport. After the pilot orients himself over the range 
station he works a “problem” of prescribed turns and ma- 
neuvers which brings him under the overcast at a safe 
altitude and in position to land. 

Luckey forecasts that an improved approach procedure 
could be worked out. (This is shown in Fig. 3.) 

A landing procedure of this nature would take much less 
time than instrument approaches now take. Luckey figures 
it will reduce the approach time from an average (on 
Braniff airways) of approximately 13 minutes to about an 
average of 4 minutes. 

Luckey points out still another benefit: eliminating what 
airmen call flying a “bowed” course. Flying from one city 
to another, pilots often have to contend with a cross wind 
which, even with the single-needle direction finder, causes 
the ship to drift and fly a “bowed” course. Airmen know 
that a “bowed” course is a longer course. Therefore it 
wastes time and operating costs. 

Proud that Braniff will be the first airline to have the 
new direction finder, Luckey has added a trophy to his 
souvenirs. It’s the tobacco can top on which is scratched 
the autograph of Reeder G. Nichols. 





INDUSTRIAL INSTRUMENT SERVICE 


CLAUD S. GORDON CO., Cleveland—Chicago—Indianapolis 














Testing a Complete Fuel System 





FERE’S the thoroughgoing manner in which the Vultee 

Aircraft Co. tests the complete fuel system of one of 
its airplanes. The system is set up and subjected to condi- 
tions simulating certain flight conditions, while flowmeters 
and pressure and vacuum gages provide the data on its per- 
formance. 


Photographic Recording of Transients 
from Cathode-ray Tube Screen 


Communication from Allen B. Du Mont Labs., Inc., Passaic, N. J. 


ECORDING transients from the screen of the cathode- 
ray tube is usually accomplished by photographing the 
screen at the right moment. Since the signal occurs only 
once, a single trace of the spot must give the required nega- 
tive density. The maximum writing-rate which may be re- 
corded is limited by the emulsion speed, the magnification of 
the lens system, the speed of the lens system, and the accel- 
erating potential and the beam current of the cathode-ray 
tube. Du Mont engineers have determined empirically the 
following 

With a lens opening of f:4.5, accelerating potential of 
1000 volts, willemite screen, magnification of 0.5, and a pan- 
chromatic emulsion having a Weston speed rating of 24, 
writing-rates as great as 1500 inches per second will give 
satisfactory negative density. 

From these empirical data it should be possible to calcu- 
late the maximum writing rate which may be photographea 
when photographing a transient with a still camera (using 
a single-sweep circuit) or when using a moving-film camera. 
Particularly suitable for this kind of work is the single- 
sweep circuit of the Du Mont Type 175-A oscillograph with 
its long-persistence screen teletron operating at a high ac- 
celerating potential for vivid trace. 


LITTELFUSES are pilus a rate. They protect! For 
instruments, meters, radio, aircraft, auto. High volt- 
age fuses. Neon testers and indicators. Fuse mount 
ings, all types. Write for catalog 


Littelfuse inc., 4759 Ravenswood Ave., Chicago, Ili 








should old acquaintance 
be forgot? 





Even under the pressure of National Defense 
work, we are making every effort to maintain 
our civilian contacts and to supply old friends 
whose patronage we have enjoyed through the 
years. Naturally the government comes first 
Delivery dates to civilians are often long and 


uncertain. We are making a conscientious 
effort, however, to serve you and will give 
your inquiries the best attention within our 


means. 


WARD LEONARD ELECTRIC COMPANY 
38 South Street, Mount Vernon, N. Y. 


WARD LEONARD 


RELAYS * RESISTORS - RHEOSTATS 


ELECTRIC CONTROL DEVICES SINCE 1892 





HAYS ENGINEERING SERVICE 


is nation-wide. In every industrial 



















center you will find men trained to 
help you achieve and maintain the 
utmost efficiency and economy in the 


operation of your steam power plant 


Pioneers in instrumentation and thoroughly 
modern in the application of combustion con- 
trol, Hays can furnish you with practical and 
dependable installations, embodying the 
proper combination of engineering and pre- 
Whether the 


for a simple flue gas analyzer or complete 


cision instruments. job calls 
automatic centralized control, Hays repre 
sentatives have the facilities to help you 


save fuel dollars. 


Let these trained men look your plant 

without obligation, of course 
Write to 925 Eighth Avenue 
Michigan City, 


over 


Indiana 


COMBUSTION 
INSTRUMENTS 
AND CONTROL 


MICHIGAN CITY, INDIANA, USA 


INSTRUMENTS 
October 1941—Page 309 





The Eiectromagnetic Balance 


(Continued from page 285) 


' 
clectrie balance is loaded by applying pressure to the Sy 
phon bellows. The current readings are directly proportion: 
\o a pressure applied to one of the bellows, or to the diffe) 
ence in the pressure in the right and left bellows if bot 
are used. The notched beam is provided so that a give 
pressure may be balanced out with the weight, thus making 
the electrical readings indicate the difference from this give 
pressure. This is advantageous when it is desired to main 
tain a constant pressure, because readings may be amplifie: 
as much as desired to make small differences easily ol 

served. Moreover, there is almost no lag in the readings ever 





n the sensitive ranges, so that a change in pressure can b¢ 
detected instantly and correction made before the error be 


The answer to your comes objectionably large. The balance shown in Fig. 5 ha 


RESISTANCE RIDDLES # maximum range of 150-0-150 Ibs./ft.o and a minimum 
ee range of 1.5-0-1.5 lbs./ft.-. These correspond to about 29-0-29 


and 0.29-0-0.29 inches of water. On the fine range 0.001 








*% Insert a Power Resistor Decade Box in that circuit. 


Turn the knobs. When you have the desired performance, of water gives about pointer deflection. Even such smal 
Presto! Read the required resistance value directly off the o1 11: 
dials. pressures are easily recorded on a standard 10-milliamp 
Here’s a power resistor of any ohmage from 1 ohm to re corder. Greater sensitivity can be provided but precaution 
999,999 ohms. Each decade dissipates 225 watts. Green- must be taken to avoid the influence of outside air currents 
ohm power resistors used throughout. Glass-insulated wir- 
ing. Adequate heat radiation. Measures 13” long 8! 7" 
deep 5%,” high. 11 Ibs. OTHER APPLICATIONS 
You'll see it used in we!l-equipped labs., including Bell Calibr Slortric > tur ' 

: . c We ration of Electrical Instruments 
Laboratories, U.S. Army Signal Corps, Naval Research fe 
Laboratories, Glenn L. Martin Co., Sperry Gyroscope Co., When an accurate series of weights are applied to al 
National Advisory Council for Aeronautics, Bendix Avia- . , . . ; 
tion. % Literature on request. * If you want one, ORDER electromagnetic balance, and careful readings of current ar 
NOW to insure prompt delivery taken with an ordinary electrical measuring instrument, the 





readings will fall close to, but not exactly on the prope 
seale divisions. If several such instruments are connected i 


C |W | tokhwy- me Vi, ee, ‘ series, no two of them will show the same deviation through 
: elastics MUG ACH —_ AD. Ine. out their scales. This suggests that the balance would mak 
285-287 NORTH SIXTH STREET a convenient and accurate device for checking and calibrat 


BROOKLYN, NEW VORK, U.S.A. ing instruments. Note that the possibility of error in th 
PAW ROU C OMS CHES © balance current is much less than that of the instrument, 





e OFre t 





because the coil remains essentially stationary and fills the 
entire air gap, while on the other hand, the coil of an 
instrument not only rotates but moves in its jewel bearings, 
so that variations in flux distribution will cause slight 
changes in calibration. Moreover, there are no bearings 01 


calibrated springs to influence the current from the electro 
* ® . : : 
magnetic balance. Springs are used in the suspension of the 
coil, but figures indicate that they contribute only about 
0.01% of maximum coil pull, and this can be further re 
OF INDUSTRIAL TEMPERATURE ONTROL duced if desired. 


Y Constant Current or Constant Voltage 
If a fixed weight is applied to the coil of an electromag 
THE EPPLEY netic balance, the output current will be held precisely con 
STANDARD stant and should afford an excellent laboratory reference. 
Note particularly that if resistance is added to the circuit, 
C EL L the current will remain the same until the voltage drop ex- 
ceeds the capacity of the control circuit. As a result, instru- 
ments or other apparatus may be inserted or removed from 
the circuit without changing the current. If current require- 
ments exceed the capacity of the vacuum tubes, a storage 
battery or other source may be used, leaving the vacuum 
tubes to supply the increments required to maintain the 
total constant. To control a larger power source, the current 
from the vacuum tubes may be passed through a separate 





When you purchase 
a potentiometric in- 
strument—make sure 
it contains an Eppley 





Standard Cell... winding on the field of a small generator. The balance coil 
for Eppley oe yee must be inserted in the armature circuit, so that the vacuum 
the highest return in tubes will vary the field flux in such a manner as will main 
service that is consist- tain constant current in the coil. If the coil is connected 
ently efficient and across the armature with a suitable resistance in series, th 
reliable. generator voltage will be held precisely constant within the 
The _ best possible testimonial to this fact is limits of the vacuum-tube control. Thus current or voltage 


certainly can be held constant within 0.1%, and the ultimate 
precision greatly exceeds this figure. Under favorable con 
ditions it should be possible to control generators up to 
about one kilowatt capacity in this manner. 


twenty years acceptance by the most widely known 
American manufacturers. 








rn . . , > lar Speed Control 
< <pp % 4s a i” &) i 
THE EPI LEY LA SORATORY, INC. The University of Washington Wind Tunnel has_ been 


Set nlific Grnstrieonents equipped with an experimental automatic air speed control 
NEWPORT RHODE ISLAND of this kind. rhe output current from the air-speed pressure 
balance is applied to a special relay which continually opens 
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d closes a circuit shorting out a portion of the field resis- 


ince of an 800-kw. generator, which in turn supplies the 


tors. The duration of the open-circuit and closed-circuit 


tervals is controlled by the current from the pressure 


lance, so that the average field current varies accordingly. 
» change the air speed it is necessary to. accelerate the 
notors and the entire mass of air in the wind tunnel. There 
s a considerable lag between the instant that a change is 
nade in the field current and the instant that a correspond- 
ge change in air speed is accomplished. Therefore, sudden 
hanges in air speed produce over-control and hunting re 
sults. This is prevented by inserting an added control cur- 
ent which is proportional to the rate of change of output 
urrent from the pressure balance. Obviously, the air speed 
ruld not be held absolutely constant because of the unavoid- 
ible lag, but by applying the proper weight to the pressure 
balance, the average air speed could be held at any desired 
alue, and a gradual oscillation would persist about this 
speed. Under normal conditions the change in air speed 
could be held within about £0.5%. 


T 


Miscellaneous Applications 

The balance has demonstrated its ability to produce an 
electric current precisely proportional to an applied force. 
Also it has shown its ability to add or subtract, and to 
multiply or divide electric currents. Some interesting work 
has been done showing that a similar automatic balancing 
scheme can be used to accelerate a rotating mass in exact 
proportion with an applied force. The result is that the 
rotating speed of the rotor is a precise measure of the 
integral of the force over any given period of time, and the 
number of revolutions is a precise measure of the double 
integral over the same time. The details of this device have 
not been perfected to the point of obtaining good results, 
but the scheme is definitely workable and further progress 
merely awaits an urgent demand. Since all the operations 
mentioned can be performed on anything which can be con- 
verted into a mechanical force or an electric current, the 
possible applications cover an unusually wide field. In all 
its applications the Electromagnetic Balance offers the un- 
usual advantage that its output energy is relatively large 
even though its input may be extremely small. 


A General Consideration of Aircraft Instruments 
(Continued from page QTL) 


forms of electric altimeters in which radio waves are re- 
flected back to the plane. The latest reflected radio wave 
altimeter appears to be highly effective—but it is not yet 
in general use, and perhaps still another step is needed for 
complete practicability. 

2. An Absolute Ground Speed Indicator. 

It is sad to think that in a fog or darkness or over the 
sea, the navigator still has no direct indication of speed 
relative to the earth: only of speed relative to the air. There 
must be truth in the dictum that steady motion in a uniform 
field cannot be detected or measured. Every system hith- 
erto suggested, such as the generation of electromotive 
force by cutting the earth’s magnetic field, contains within 
itself a fundamental fallacy. The only system hitherto pro- 
pounded which appears theoretically correct is that in 
which accelerations are integrated from the instant of take- 
off and the mechanism involved is of insurmountable com- 
plexity. 

Problems tn Air-Speed Indication. 

We have just observed that indication of speed relative 
to the air is available. But the accuracy of such indication 
is far from assured and some very pretty problems remain 
for solution. Where should the Pitot tube be placed so as to 
be immune to position error? In normal flight the position 
error can be almost eliminated by locating the Pitot ahead 
of the leading edge, but exploration and calibration is 
always needed. When the landing flap of the modern air 
plane is depressed the position error becomes important 
because the entire system of flow around the wing is modi- 
fied. Accuracy of the Pitot in a side wind is doubtful. To 
prevent icing-up of the tube, an almost prohibitive amount 
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America’s Vibration 


Measurement Standard 


Iv eg =Model 11 Vibrometer 
Meme §6Used by Leading 
Defense Suppliers 






( rtesy Buckley 


Dement ¢ 
The Model 11 Vibrometer simplifies and speeds laboratory 
ind production vibration measurement problems 
Direct-reading 97 Covers all practical ranges 
Maximum of 1” on amplitude, 100” per second velocity, 
ind 10,000” per second squared on acceleration or 25¢ 
Linear from 8 to 2500 c.p.s. within 3%. Free five-day trial 


delivery. Send for bulletin No 


meter 
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TELEVISO PRODUCTS, Inc. 


2400 N. Sheffield Boulevard, Chicago, Illinois 
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Non-Ferrous Foundrymen Will Agree 
A RELIABLE PYROMETER 
iN IS INDISPENSABLE! 


For sound non-ferrous castings 
... and for lower costs... you 
must have a reliable pyrom- 
eter... one that gives accu- 
rate readings yet one that 
will stand up under hard 
usage on the pouring 
floor and in the fur- 
nace room. The 
""Alnor'’ Pyro- 
Lance is the 
answer. 


















SHOCK 
RESISTING 
MOVEMENT 


is a feature of the ‘Alnor 
Pyro-Lance. Two portable styles 
available, both have rugged, 
shock-resisting features and 
high accuracy that enables you to 
cast at lowest cost by reducing 
scrap losses, cutting fuel bills, im- 
Proving castings and speeding pro- 
duction. Type 2981 illustrated in self-con- 
tained and uses the enclosed couple, gets 
true metal temperatures BELOW THE 
SURFACE, unaffected by dross and lasts 
longer than bare-wire styles. 























In this time of national emergency Alnor 
pyrometers quite naturally go first to jobs of 
defense. However, customers unable to fur- 
nish priority certificates will be taken care of 
to the best of our ability. Quite possibly 
there is a problem confronting you that our 
engineers can help solve—with or without need 
of new equipment. We will consider it a 
privilege to help work out your pyrometric 
problems, even though no new equipment is 
involved. 


Pre 
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of electrical energy has to be supplied. For some aspex 
of technical aeronautics, it is desirable to know the a 
speed exactly at the instant of take-off or landing; the a 
speed indicator fails dismally at such times because of | 
and because of ground effect. 


4. Instruments for Blind Flying. 

The radio beacon is a great help to blind flying. But 
sometimes is desirable to be able to fly blind without rad 
aid. We need therefore a compass immune to all turni: 
errors, gyroscopic inclinometers which give absolutely tr 
indications relative to the vertical, and absolutely corr 
turn indicators. The present blind flying instrumentation 
splendid but there is still room for improvement. 


5. Flutter Investigation. 

The greater the speed of the airplane the more it 
likely to encounter flutter, which is an aerodynamical 
induced and perpetuated oscillation, quite distinct fron 
vibration. Pick-ups, amplifiers, and oscillographs enab\k 
periods and intensities of flutter to be studied but the ir 
strumentation is complex and more of the laboratory thar 
of the field engineering type. An opportunity exists in th: 
simplification of the apparatus, which belongs to experi 
mental engineering rather than to natural flying operations 
6. Instruments for Stress Measurement. 

The structural analysis of the modern airplane is a com 
plex matter, and direct measurements of stress distribution 
in flight are desirable. Here again instrumentation of the 
field engineering type would be welcome. 

7. Instruments for Private Flying. 

Aircraft instruments are a miracle of applied science. 
They are also expensive. If an air flivver were really well 
equipped with the instruments now available, the cost of 
the instruments would far exceed the cost of the plane. 
There is room for the enterprising manufacturer who will 
give the private flier a dashboard not much more expensive 
than that of the automobile, yet more accurate. 

Even these few examples show what splendid opportuni 
ties for development exist in this field. 


Calibrating Vibrometers 
(Continued from page 281) 


Fig. 7 shows the open-circuit voltage of two different 
makes of torsional pick-up units. Unit A shows a linear 
output up to about 150 c.p.s. Above this point, the output 
begins to fall off until at 300 ¢.p.s. it is about 25% below 
continued linear response. Unit B shows a linear response 
over the range to 300 ¢.p.s. Unit B also shows a higher 
output voltage for the same displacement. Similar calibra- 
tion curves are necessary for linear units. 
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Fig. 7. Comparative characteristics of two torsional pick-ups. Torsional 
amplitude +0.5 
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ig. 8. Frequency response of a torsional pick-up measured on a sound 
equency analyzer. Torsional amplitude +0.5°. 


Fig. 8 shows the overall frequency response of a tor- 
onal unit in combination with an electric analyzer, which 
s electrically weighed to indicate displacement. This unit 
just employ a correction curve to compensate for the lower 
ndications at the high and low frequencies. 

Test data, obtained beyond the calibrated range of an 
instrument, can never be considered reliable. Measurements 
taken by instruments are never more accurate than the 
calibration of those instruments; consequently an increase 
n the accuracy of calibration means a better knowledge of 
the limitations of the instrument and a better evaluation 
of test results. 


Instrument Flight Training 


(Continued from page 290) 


might throw the pilot miles off course, depending on the 
strength and direction of the wind, if used on one of the 
other two patterns. A range pattern is the pattern created 
by the direction of four radio beams being transmitted 
from a range station. The three types are: 

(1) The square or right-angle, in which the four beam 
signals go out from the station at right angles; 

(2) The squeeze pattern, in which the four beams roughly 
form the shape of an open scissors, two sectors being 
squeezed and two open or more than 90 degrees; 

(3) The crow-foot pattern, where the signals are directed 
away from the station at different angles in which you find 
sectors of more than 90 degrees, 90 degrees, and less than 
90 degrees. 

Next comes a comprehensive course in use of the loop 
antenna to obtain location fixes or, in other words, to estab- 
lish the plane’s position. The loop is of particular value 
because wind drift will not affect this type of orientation 
nearly as much as the so-called different systems of orien- 
tation. Winds as high as 90 m.p.h. can be simulated in the 
trainer. The loop course in the Link is divided into several 
general classifications. The student is taught how to “home” 
to his destination; how to orient himself and estimate his 
distance from any established point on his route; how to 
follow his course to a given range station; and how to set 
his directional gyro without help of his magnetic compass 
by obtaining bearings on two separate radio stations to de- 
termine direction of flight. 

With the Link trainer course behind him, the first officer 
is assigned to a Stinson instructor for actual fight work. 
The Stinsons are four-place ships, equipped with 350-hp. 
Wright engines, and were built to TWA specifications. In- 
strument panels are virtually duplicates of those found on 
our transports, and the ships thus serve the same purpose 
in instruction at less expense. The crew usually consists of 
instructor and two students. One student will observe, while 
the other flies and will profit by his mistakes. 

The stages of training in the Stinson consist of seven 
hours of basic familiarization flying, orientation problems 
identical with those performed in Link trainer, problems in 
loop antenna use, practice flying on radio legs with loop in 
rain static or loud position as opposed to silent or null posi- 
tion, aural orientation with hand-operated loop and with 
automatic direction-finder loop, aural homing to station 
with and without wind, a distance estimate through use of 
direction-finder, setting directional gyro without use of 
magnetic compass by loop bearings on two radio stations, 
triangulation—plot bearing from two or three stations with 
loop, orientation on commercial broadcast stations, four- 
point bearing to get distance from station, visual instru- 
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Today production 
must goon! Valu- 
able liquid short- 
ages due to over- 
sight are inexcus- 
able! 

LIQUIDOMETER Tank 
Gauges assure ac- 
curate, trouble- 
free readings or 
recordings at all 
times! 

100% automatic—these gauges insure 
accurate readings at all times. No pumps, 
valves, or auxiliary units required to read 
them. Models available so that readings 
can be taken remotely from or directly 
at the tank. Remote reading types utilize 
balanced hydraulic transmission system Models available to 
which completely compensates for tem- automatically con- 
perature variations on communicating trol pumps, motors, 
tubing. Accuracy unaffected by specific signals or other de- 
gravity of tank liquid. vices for maintaining 

Approved for gauging hazardous liquids 
by Underwriters’ Laboratories and other 
similar groups. 


minimum or maxi- 
mum liquid levels. 


Write for complete details 


THE LIAQUIDOMETER CORP. 
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Instrument 
Experience In 
Other Fields 
Is Ideal 
Background 





Maintenance, repair, and overhaul of the multitude of instruments in 
great airliners and fighting planes is the interesting, well-paid work 
of the aircraft instrument technician—work for which men with other 
instrument experience are ideally suited. Cash in on YOUR experi 
ence with the necessary special! aircraft instrument training. Hundreds 
of good Civil Service positions are going begging—in instrument 
departments of Army and Navy aircraft maintenance depots—and 
our 6 months course is allowed as your COMPLETE substitution for 
the 2 years actual experience ordinarily required to hold these fine 
jobs. Also, with the tremendous number of planes being built, air 
craft plants and instruments manufacturers are calling for many 
more trained men than we can supply. Airlines, too, are calling for 
our graduates for months ahead, Get complete info i 

big IMMEDIATE opportunities, and on this old-established school's 
home study and resident training courses for a MORE profitable 
lifetime career for you. Write or send coupon now 


AMERICAN SCHOOL OF AIRCRAFT INSTRUMENTS 
3903 San Fernando Read, Dept. H-10, Glendale (Los Angeles County). Calif 
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. for information on opportunities in aircraft instrument work | 
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A UNIT FOR EVERY TYPE APPLICATION 


@ Luxtron Photo-Electric Cells meet a wide variety of 
scientific and industrial requirements measure 
ment, analysis, indication, metering, control, signal, 
sound reproduction, etc. Available in a 
diversity of sizes, type, shapes and capacities, Luxtron 
units can also be produced to meet special needs. 
The Bradley Laboratories will gladly cooperate with 
engineers and designers; inquiries wanted. Write for 


BRADLEY 
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CONSTANT VOLTAGE. 


For Your Laboratory, Your 
Product, or Your Production Line 
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| AUTOMATIC VOLTAGE REGULATORS 
| 95-130 Volt Inputs... 110,115, . * 
120 Volts Outpu# + 1% 


The UTC Automatic 

| Voltage Regulator is 
new. It involves no 
moving parts and ef- 
fects instantaneous 
correction for either 
transient or chronic 
line voltage fluctua- 
tions. This unit has 
innumerable appli- 
cations in broadcast 
apparatus, labora- 
tory equipment, etc. 
Available in 15, 30. 
60, 120, 250, 500, 1000 
and 2000 VA stock 
sizes. Write for Bul- 
letin PS-404. 






* Accuracy 1% %* Independent of Load * No Moving Parts 
* High Power Factor * High Efficiency * Low Distortion 
* Negligible Time Constant * Low Temperature Rise 


ERUGOE 


CASLES 
















CO VARICK STREET NEW YORE 





ARLAS 
INSTRUMENTS 
314—-Vol. 14 


P ipre 





ment approach under hood—flying an approach prob] 
clear through including a low approach without use of ra 
range signals using only automatic direction finder, and fi 


Ing by dead reckoning, 

A first officer passing this course (six to eight weeks) 
handle navigation problem that mig 
He is the master of every instrument at his commar 
Research is constantly 


competent to any 
arise, 
going forward to improve press 

nstruments and develop new ones. If the past several yea 
criterion, the next will see the air] 

pilot’s job made ever easier by new instruments to light 
his duties. At present there is an instrument under develo 
ment, for example, that will show a picture of the positio 
of the ship and its flight path over a map of the terrain. 


IS any few years 


Temperature Measurement Course 
UNIVERSITY OF PITTSBURGH 
To the Editor of Instruments 

You are doubtless aware of the Engineering, Science an 
Management Defense being offered by 
Carnegie Tech, Penn State College and the University of 
Pittsburgh. As of possible interest, however, because of 
your interest in industrial temperature measurements, may 
I call attention to the course entitled “Industrial Tempera 
ture Measurements” for which I am responsible. 

The description of this course follows: Temperature scales 
and Standards; Liquid-in-glass thermometry; Bimetal ther 
mometry; Resistance thermometry; Thermoelectric ther 
mometry; Representation of results by graphs and equa 
tions; Pressure-spring thermometry; Optical pyrometry; 
Total radiation pyrometry; Color match pyrometry; Tem 
perature control; Temperature recording; Production of 
high temperatures; Repair and servicing of apparatus. 

As for all defense courses there is no charge for tuition 
though students taking the course must pay for books, 
notes, apparatus, etc., which they use or break. Registra- 
tion for this course occurs Oct. 8, 9, 10 and 11, afternoons 
and evenings and Saturday morning, Oct. 11, at the Men’s 
Gymnasium, Carnegie Institute of Technology. The lecture 
in the course meets Monday, 6:30-10:00 P.M. and the lab 
oratory one other night a week. 
October 6, 1941 

LAST-MINUTE BULLETIN—At the moment of going to press we 
learn that the number of registrants does not seem to warrant start 
ing the course now (it probably will start in early February). In our 
opinion, the reason is simply that the notices were mailed out too 
late. We urge all readers in the Pittsburgh district to bring this valu 
able course to the attention of all persons whose work is related to 


temperature processes (metallurgical, ceramic and other industries) 
and to important temperature measurements (research, etc.). —ED 


Training courses 


A. G. WORTHING. 
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MOTOR-OPERATED 
GENERAL PURPOSE 


CONTROL MOTORS 


@ These powerful, compact Control FOR... 

Motors can be used for many posi- 

tioning purposes where a reliable re tana =~ 
motor drive is needed. All motors are “SPE 
completely oil-submerged for quiet- TRANSMISSIONS 
ness and long life. Available in a ly gla 
fixed or adjustable speed, unidirec- HES 
tional or reversing models. For 115 BUTTERFLY VALVES 
or 230 V. A.C. Very small control RATIO VALVES 
current required on reversible motors. DAMPERS 

Write for information and prices. ETC., ETC. 
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Tae Shallcross Research Staff 
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Switches .. . solid silver contacts ... THE SWITCH OF TOMORROW— 
AVAILABLE TODAY! 
The line is extensive . . . and varied 


If one of the many standard switches will not exactly suit the individual 
circuit requirements, then, either a stock switch is modified ... or... a 
new design is created to fully answer the problem. 


All Shalicross Switches are scientifically designed for the purpose . . . 


more than 10 years of experience helps . . . sturdily built . . . high die- 
lectric mountings . . . arrangements of contacts are flexible . . . multi-pole, 
multi-throw ... minimum contact resistance. 
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BAILY VIBRATOR CO. 
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AMTHOR Dead Weight 
Pressure Gauge TESTER 


Type 452 © 
‘t i 





design and _ construction 


Modern 
puts this rugged precision instru- 
ment in a grade above the ordinary 
dead-weight testers 

Made in eight ranges. to 3000 Ibs 
maximum 


We guarantee 1/10 of 1 percent ac 


curacy in each range 


The Type 452 is designed for sim- 
plicity and compactness, It incorpo 
rates the newest refinements and 


improvements. Adapters and tools 
are supplied, as well as either car- 


rying case or protecting cover 


and intelligent at 
tention will be given to your 
inquiries on all industrial 
speed measurement proble ns. 
Drop us a line today. 


Immediate 


Amthor Testing Instrument Co., Inc. 
49a Van Sinderen Ave. Brooklyn, N. Y. 


THE MONTHS NEW 
INSTRUMENTS 


In this department we strive to report each month ALL the new devices for measuremen 


inspection, testing, metering and automatic control. 


When writing to manufacturers directly, please mention this department as your source ¢ 


information. Or write to Information Section, Instruments Publishing Company. 
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In the past few 
weeks we have 
solved knotty control prob- 
lems for two prominent aviation 
companies. 


Our engineering staff, with a 
plant designed and equipped 
to facilitate precision work, is 
skilled in instrument and light 
electrical manufacturing. 


Despite the extra demands the 
defense program is making of 
us your technical problems will 


run into 


NO BOTTLENECK HERE! 


CONTROLS, Inc. towaco, ni. J. 
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Vibrometer 


Announcement is made of an improved 
model of indicating vibrometer (see Instru 
1940, page 292; July 1941, page 
194). New “Model 11-A” reads not only dis 
placement but acceleration and_ velocity 
values Televiso Products, £400 N. Sheffield 


Blvd., Chicago, Ill 


ments, Oct. 


Aircraft Type Relay 


As a part of its program of new products 
for National Defense, manufacturers an 
nounces new Type 
J’ Relay 
light and said to be 
of exceptionally 
rugged construction 
Suitable for use at 
high altitudes, it is 
designed to with 
stand aircraft vi 
bration and “high’ 
icceleration. That 
it will operate sat 
under “high’’ humidity conditions 
claim. Type “J” relay has two 


small, 





isfactorily 


is another 


poles, and self-cleaning contacts. It is avail 
able in quantity. Overall dimensions 174%” 
high, “%e«” long, and 15.” wide, Coils are 
designed for operation on direct current and 


ire particularly suitable for aircraft volt- 
ages G M Laboratories, Inc., 1781 Belmont 
4ive., Chicago, Ill 


Resistors with Negative 
Temperature Coefficient 


A line of negative temperature coefficient 
resistors, with metal coated ends for mak- 


ing electrical connections, is announced, It 


simplifies design problems by permitting the 
use of cartridge or clip method of mounting 
Chief characteristic of Keystone resistors is 


decrease in electrical resistance with an in 


in temperature, This property make 
where it is desired t 
reduce or eliminate initial current 
to secure a time delay or “gradual building 
up” of the current through a piece of equiy 
ment, to provide temperature compensatior 
equipment which exhibit 
with increase in temper 

Keystone 


CTreAaASE 
the material useful 


Surge 


In apparatus or 
rising resistance 
ture, ete. At present, 
temperature coefficient 
ible in four standard sizes, 
sizes) in the illustration: 9 . 
a”, She” X 1*, and %” x 1” 
maximum wattage ratings ranging 

7 watts.—-Keystone Carbon Co 

, Saint Marys, Pa. 


negatly 
resistors ire avall 
shown (actua 


—_ « 32 

These have 
fron 
0.75 to 3.0 


1935 State St 


Dehydrator Water pH 


Indicator-Recorder 


Continuous indications and records of the 
pH of dehydrator water are provided b 
“42101-C6” (illustrated) or “32101-C6 
latter comprising 
indicator-recorder 
fron 


new 
maker 


equipments the 
“Micromax’ 
pointer 


round-chart 


with large bold readable 





greater distance but with one-third the 
chart scale width of the strip-chart “Micr« 
max" indicator-recorder. Both equipments 


employ the maker's glass electrode assembly 
through which a continuous sample of the 
dehydrator water flows without interruption 
This electrode includes an electri 
cal temperature compensator and has 
thoroughly weather-proof housing. Installa 
tion of electrode assembly and of either 
model of instrument does not involve alter- 
ing existing refinery equipment, can be 
made by plant maintenance Leeds & 
Northrup Co., 4934 Stenton Ave., Philadel 
phia, Pa 


issembly 


men, 
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IMPROVED 
‘SPOTLIGHTS”’ 





Rubicon MULTIPLE REFLECTION galvanom- 

rs have recently been much improved through 
edesign of optical system. The definition of the 
ne-image is now so sharp that readings can be 
stimated to .1 of a millimeter division. 

These sturdy self-contained galvanometers are 
available with sensitivities as high as 5 x 10-*° 
ampere and 1 x 10°° volt per millimeter division 


ASK FOR BULLETIN 320 


RUBICON COMPANY 


Electrical Instrument Makers 
Ridge Ave. at 35th St. Philadelphia, Pa. 
Galvanometers, Electrometers, Potentiometers, 
Colorimeters, Wheatstone & Kelvin Bridges, 
Resistance Standards, Resistance Boxes, Coil 
Testers, Clip-on Ammeters, etc. 





ACCURATE 
V-CASE TYPE 
THERMOMETERS 


* These thermometers 





for general use are re- 
liable and accurate. 
The H-B line of indus- 
trial thermometers is 
completely described 
and illustrated in Blue 
Book part 3. A copy 
will be sent without 
obligation; write today. 
Our technical de 
partment will be 


glad to consult with 


you on any special 





H-B INSTRUMENT 


CO. &oO INC. 


2525 NO. BROAD ST., PHILADELPHIA, PA. 
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The Mark of 
Effective Control 


Process Control for sensitive, stable 
automatic control of temperature, 
pressure, liquid level flow and other 
factors as applied to industrial 
processes. Responds to changes 
quickly,without overtravel or hunt- 


ing. Ask for Bulletin No. 101. 


Combustion Control that is simple 
but complete for prov iding econom- 
ical operation 
of boilers of 
200 h. p. and 
larger. Details 
in Bulletin 
No. 102. 


Boiler Meters 


for recording 





combustion 


Recorder-Controller 


conditions and 
guiding boiler operators. Describe d 


in Bulletin No. 44. 


Multi-Pointer Gages for indicating 
factors such as draft, pressure, tem- 
perature and speed. 
These Gages are avail- 
able with any number 
of pointers and any 
scale combination; in 
either the oil sealed 
bell or diaphragm con- 


struction. 


Flow Meters for indi- 


cating, recording and 





integrating the flow of 


Control Drive 


steam, water, sewage, 
air, gas and other fluids. Bulletins 
No. 39 and 300. 


Recorders for pressure, temper- 
ature, drafts, liquid level and other 


factors. 


BAILEY METER 
COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohio 








Flight Data Recorders 
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checked 


Instruments ire 
standard types. No, 643 re« 
Vertical Acceleration, Alti- 


tude nd two operations. These latter are 
sed for recording the use of such equip- 
ent as the gyro pilot, radio, instrument 
warnings, ete. It is possible to include two 


vdditional operations o1 off-on” pens, o1 ill 


such pens may be omitted if desired. No 
644 incorporates four Pioneer Autosyn-actu 
ited pens, thus making available records of 
iny measurements transmitted by Autosyn 
transmitters located at suitable points and 
ictuated by primary elements for measur- 
ing temperatures, pressures, speeds, ete. All 
portior f Analyzer ire made easily ac- 

ible. Entire housing or outside case may 


be removed with four screws, exposing com- 
plete chassis carrying the individual units 
‘ plete clock drive mechanism 1s ex 
changed by the removal of four screws 


Each individual recording unit may be 
quickly lifted from Analyzer, again with 
mly four screws, and each unit remains a 
< plete entity, recalibration not being 
made necessary by removal from the re 
rder. Taking out one unit does not dis 
turb tl} ithers Four types of individual 
re rding units are illustrated. The Altitude 
Unit (1) employs a novel system of op- 
posed diaphragn ne cell being evacuated, 
the other connected to the static line. Tem- 
perature correction is assured across stand- 
rd range 31” to 11” mercury (0 to 


000 feet). Connection with the statie line 
may be made to standard head used for 
present indicating instruments. The Vertical 
Acceleration Unit (2) is a new liquid- 
lamped opposed-sylphon — type of special 
Friez design. A weight is suspended between 
the vertically stacked Sylphons which serve 
as springs. Liquid in the closed system is 
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TEST MAGNETIC PROPERTIES 
OF YOUR STEELS 





THE ONLY SINGLE BUTTON ELEC- 
TRICAL RETURN FLUXMETER 
SIMPLEST AND MOST EFFICIENT 
Bulletin 504 
THREE DIFFERENT STYLES 
Portable Standard with single electrical zero 

return 
Switchboard Type with above zero feature 
located on flexible lead for bench operation. 
Iwo Button Pointer Shift in place of our 
patented standard zero return at a lesser cost. 
icknowledged leaders in 
development of bigh sensitivity meters 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 
110 POTTER ST. CAMBRIDGE, MASS 
Branch: 15 East 26th St., New York City 
Representative: E WN. Webber 
4358 W. Roosevelt Rd., Chicago, III. 








TETCO 


Speed Recorder 





Creates a permanent time rec- 
ord on a waxed chart. Accu- 
rately records rate of produc- 
tion, time and duration of 
stops, total quantity produced 


The Electric Tachometer Corp. 
1358 Spring Garden St., Philadelphia, Pa. 








SMALL DRILLS 


from .0016 up to .1969 inch diam- 
eter, all sorts of small turned parts. 








Small wood screws in brass, steel, 
etc., turned from the bar. 


H. CG. M. ENGEL, Inc. 


P. O. BOX 233 SIDNEY, NEW YORK 











*% NATIONAL * 


RHEOSTATS 


Ask for Catalog No. § 


National Electric Controller Co 
5305 Ravenswood Ave., Chicago, III. 








pumped through a hole in the weight, 

size of this hole determining the degres 
lamping. Operation of this new type unit 
extremely flexible in possible special apy 
horizontal as well as vert 
eceleration recording. The Air Speed 1 
(3) employs novel system of opposed 

phragms. One cell is connected to the P 
line, the other to the static line. Temper 
unusually satisfact 
throughout the standard range (up t 

p.h.) The \utosyn Unit (4) inelu 
tandard Pioneer Autosyn motor for con 
\utosyn transmitter with s 
ible gear ratios provided to cover the \ 


itions for 


ture correction Is 


tion to any 
ous ranges, A special heart cam is built ir 
the unit to avoid complications in event 
hifting of positions of transmitters duri 
power-off periods. A standard multiple pl 
jack connector is provided for all electric 
required either for Autos 
operations pens. The Operati 
Unit (not illustrated) is a special soleno 
(wound as standard for 12 volts d.c. b 
other windings available) connecting 

electrical parallel with existing or speci 
switches, thus providing records of the 

eration of such functions as radio transn 
ter, gyro pilot, de-icers, warning signals 
indicating The Clo 
Mechanism is a special Remontoire (han 


connections 
units or 


Instruments, ete. 





wound) of novel Friez design, said to insure 
continuous, trouble-free service even unde1 
extremely adverse conditions. At standard 


chart speed of 2.4” per hour, clock and 
chart drive mechanism will run appreciably 
ver 24 hours without rewinding. Mean 
are provided for easily starting and stop 
ping the clock and danger of overwinding 
is eliminated. The chronometer releases peri 
odically an ®scapement which permits a 
strong main spring to drive the chart mech 
anism and simultaneously rewind the sepa 
rate smaller chronometer spring. The pens 
are of capillary type, each provided with its 
individual ink reservoir with 
capacity to give a continuous — record 
throughout an entire chart roll. A’ simple 
zero setting adjustment is provided on eac} 
pen. The pens and ink reservoirs may be 
quickly and easily removed for cleaning 
without disturbing the sensitive portion of 
the recording units. Standard chart roll i 
long enough to provide continuous records 
of approx. 200 hours (at standard speed) 
renewal is accomplished more easily thar 
the film on a camera. Total weight of th 
No. 643 instrument is approx. 8 Ibs.; that 
of the No. 644 recorder slightly highe 
Overall dimensions for the complete No. 64 
are approx. &” high by 6” deep by 16” wid 
(including brackets carrying Lord type 
mount). No, 644 instrument has same height 
and depth but is 19” wide Julien P 
Friez & Sons, Baltimore St. & Central Ave 
Baltimore, Md 


adequate 


GROUP SUBSCRIPTIONS TO 
Instruments 
SAVE MONEY. See page A4 











Keep Em Flying! 


AIRCRAFT 
INSTRUMENTS 


Thermocouples, lead wires, and acces- 
sories to Army, Navy, or commercial 


specifications. 


Cylinder head temperature indicators. 
Other instruments to specifications. 





THE WINSLOW COMPANY 


INCORPORATED 
9 Liberty Street, Newark, N. J. 














For 
Accurate 
Pressures 





R. S. DEAD WEIGHT GAUGE 


For measuring gas pressures by actual 
dead weight. This gauge can be put on 
a line similarly to test gauge. 


R. S. PORTABLE GAUGE TESTER 


A Dead Weight Tester with easy port- 
ability for testing gauges. 


Full description available 
in catalog 26-A 


The Refinery Supply Co. 


Manufacturers, Jobbers and Importers 
Scientific, Laboratory and Power 
Plant Equipment 
| 621 E. Fourth St. 1309 Capitol Ave. 
| Tulsa, Okla. Houston, Texas 











Hydraulic Transmission 


New “Exactor Control’ consists of two 
elements the transmitter fitted with a 
hand-manipulated lever, and the receiver 


with a lever which follows the first accu 
rately with no loss of motion. The only con 
nection is a single 1luminum tube (fit- 
ting where arrows have been drawn on illus 
tration) which can be bent to pass interven 
ing obstructions. Furthermore, short lengths 
of flexible connecting tube may be used if 
either the transmitter or receiver is required 


to move. The cylinders of transmitter and 
receiver are each fitted with a trunk type 
piston, fluid tightness being insured by 
specially packed gland. Cylinders and cor 
necting pipe ire completely filled wit} 
liquid of low freezing point and, since b 
eylinders are of equal diameter 1 dowr 
ward movement of one piston must result 


In a Similar upward movement of the other 


Pistons are connected by rod and radial 
crank arm to their respective shafts, so that 
longitudinal movement is converted into ro 
tary movement. Fluid in the system is kept 


under pressure it ill times bv means of 
opposing springs acting on the two pistons 


Transmi tter 4 








INCHES 








Angularities designed into the mechanism 
counteract the varying forces of the expand- 
ing and contracting springs so as to main- 
tain constant piston pressures at any point 
in the stroke. Preloading by spring at each 
end prevents mechanical lost motion or 
backlash and, since the fluid is practically 
incompressible there is an overall “rigidity’ 
whereby, it is said, the slightest movement 
of transmitter is duplicated at receiver. Sys- 
tem self-synchronizing characteristic is ac- 
complished by having lower end of trans- 
mitter cylinder communicating with a reser- 
voir through a spring-loaded valve. In nor- 
mal operation this valve is closed, but when 
the operating lever is moved to the end of 


its stroke (in aircraft, the “full throttle’ 
position), the final few degrees operates the 
valve mechanism ind orens the valve 
against the action of the spring; the system 


is then open to the reservoir and pressure 
is instantly released. Any variation in vol- 
ume is thus automatically compensated for, 
a deficiency being made up from the reser- 
voir or an excess being driven out by the 
receiver piston which, on release of the pres- 
sure, is forced to the bottom of its stroke 
under the action of its spring. The initial 
backward movement of a few degrees of the 
transmitter allows the valve to close and 
any further movement will be exactly repro- 
duced by an equal movement at the re 
ceiver. Similarly, release of pressure in sys- 
tem, in event of pipeline fracture, causes 
receiver piston to be forced to end of its 
stroke under action of its spring iny fail 
ure will thus result in the control moving 
to a predetermined position. For most appli- 


cations, varions blends of kerosene ind 
scanty Uh sgl Regt ie sane 
ing—no special fluid beine required Sperry 


Products, Ine., 1505 Willow Ave., Hoboken, 
N. J 


PORTABLE 
INSPECTION DEPARTMENTS 


for Every Plant 





Wheelco 
Portable Potentiometers 


These Portable Potentiometers are 
invaluable as instruments for check- 
ing temperatures and temperature 
measuring instruments, as standards 
for checking all D.C. electric meters, 
as direct measuring instruments for 
all D.C. electric values, and as lab- 
oratory instruments—where they can 
be adapted to thousands of precision 
measuring and checking operations. 


Write for free Bulletin No. A502, today. 


Insthuments Co. 


HARRISON AND PEORIA STREETS - . CHICAGO, ILLINOIS 


FLOW METERS FOR 
STEAM, LIQUIDS & GAS 





Model 656 Recording and Inlegrating 
Flow Meter 


HIGH PRESSURE METERS 


Standard Differential Range 
20” to 150” of Water 


LOW PRESSURE METERS 
Standard Differential Range 
1” to 8” of Water 
* 


Write for Bulletin 411 


RING: BALANCE INSTRUMENT CO. 
CHICAGO, ILL. 


740 N. FRANKLIN ST. 
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opening into a larger passage which 


Exhaust Analyzers Indicate STOP WORRYING ABOUT turn, is open at its outer end to the exh 
hay ° 2 ras ) sio akes place “oug } 
Fuel-air Ratios GAUGE DAMPENING PROBLEMS gas. iffusion tak pl through t 


holes, without any actual flow through 





THE MARTIN-DECKER UTILITY MODEL PULSA- spiral chambers. Consequently, accuracy 
vontnuous measurement of engine fuel TION DAMPENER is smoothing out gauge instrument is independent of engine sp: 
Lit tio is effected by continuou automatic readings on thousands of installations all Models are available for single-, twin- 
a a exhaust gases from each engin over the world! four-engine installations. Cambridge 
thermal-conductivity method). and indica INSURES ACCURATE inant (io. Cian: Contral Tevintnnt 3 
tior ire brought to small panel-board in { READINGS +e ea op Ree l 7. 
tru nt ir new \ero Models of Can oy his Rae os ee is a 
bridge Exhaust Gas Testers Announcement j affected pu atin pressures 
tates that manufacturer was first to bring 4 peeps ne lee ng . 
it accurate gasoline-engine fuel-air ratio ad. more saluanle, Unit ean 1 Double-flow Mercury Switch 
indicator n 1924 before the market was steal gasoline pressure lines ; 
ready for it ind that recent refinements i: Eampen x. it slow or rapid In new anti-vibration model of Durak 
nimize weight of components of systen Sg erh bg: ane : Mercury Switch, two tails of mercury | 
nd at ime time result in heretofore-un “ADAPTABLE — ins see ing in opposite directions, over a cera 
lized combination of accuracy ind relia ,be made n any on det barrier until severed, prevent double 
bility under service conditions, Announce gsired without alfecting efficiency 
ent pecifieall lists error sources said t 1 gtr gg angel Rec eas desc 
be overlooked by majority of workers, ar bend recorders from damakineg 
jescribe tive eal imong them the pPressure surges 
f wil n pe ure of ¢ f TWO MODELS: 


Regular Brass Body—Stainless 
Steel Stem — Vacuum to 300 
pounds 
All Stainless Steel—Vacuum to 
5000 pounds—100” Adjustable 


Send for Details! 


NOT A NEEDLE VALVE— 
BUT AN ENTIRELY NEW PRINCIPLE 


MARTIN-DECKER CORPORATION 


LONG BEACH, CALIFORNIA 














tacting where vibrations exist. When cl 


ing, the two approaching bodies of mercu 

HARDNESS pile up a double-thick electrical conduct 
Double flow is said to operate either as 

TESTING slow rolling motion or equally well on 
eee high-speed mechanical snap action. Switch: 


in unbreakable metal of 10, 20, 35 and 6 
done WITH NO MENTAL HAZARDS. amps. are available. Priorities required 
The SCLEROSCOPE has done it for Durakool, Inc., 1029 N. Main St., Elkha 





ling ai The four plat the past 33 years. Ind 
ohiban pirals composing the four arms of 
the oridg t be individually insensitive 
oo “tee Bl ee hp ll eco ncnagg my In general use : 
rdingly located in chambers drill ficial Ironer Pressure Indicator 
tal bloc that n reat t or specification 
. me rrie t LOCK ’ ee oO gre en : 
perature inequalities can exist. This vole a purposes. Sim- New “Joyro Pressure Indicator” is said t 
of spiral mountin “ takes care of reece ple, sturdy. be the first gage ever developed to dete? 
temperature as between spirals, but un Comparatively mine flatwork ironer roll pressures accurat 
le the piral themselves are carefully inexpensive. Ivy and thus permit scientific settings 
tehed I thelr temperature - resistance 
characteristic changes in base temperature 
of the whole group will again affect accu- Illustrated 
racy. Variations in gas velocity, Exhaust bulletins 
ters in which the exhaust gas sam- free. 





ple is actually caused to flow through the 
chambers containing the measuring spirals 


sag caged cay ¢-agOose g Mivnit The Shore Instrument 


changes in engine speed readily produce 


nee in bridge balance than do & Mfg. Ee. Inc. 


3 nm ¢ col Os lor ich ~ \ 
prarecricnaeag g Sbogy 9025 Van Wyck Avenue, Jamaica, N. Y. 


ent i intended to measure In such de 





sary for the oper 





low lve with reference 
slik: See: Waray Ghanian a Set DEG Vacuum - - - 
the Cambridge Analysis Cell the only acces Thermocouples 
! nine thre ‘ ~ ) 
' f small a frus a akan featuring 


DEPENDABLE STABILITY 
HIGHER OVERLOAD 
FASTER RESPONSE 
Our thermocouples will meet the 


most rigid requirements. Write mt 
your requirements to— 





maximum padding life and high quality p 
American Electrical Sales Co., Inc. duction. It consists of a flat watch-sprir 
67 E. 8th ST. NEW YORK. N. Y strip connected to a tension gage. In ust 
instrument is held in one hand above ar 
slightly to the rear of roll to be. teste: 
while other hand guides the spring strip ur 
T R U V A Cc der the roll, as it turns, between it and th 
-= ah 

chest. Tension is shown on the dial. T 


VACUUM GAUGES facilit % proper adjustment, a segment 


marked off on the dial to show correct of 


(PIRANI TYPE) erating range Heretofore, it is said, a sheet 


f } } cr « } 
of paper held between the fingers, was the 
Priced From $39:°° only method of testing. Joyro Pressure Ind 


cator determinations show general malad 








Circular on Request. justments, including warped chests, whi 
directly ffect operation costs, volume of 

CONTINENTAL ELECTRIC co. production ind finished quality Georae 
GENEVA, ILLINOIS Rosales Co., 784 Stanford Ave., Los Angeles 





Calif. 
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Speed - - - 


DIRECT READING 
INDICATORS 


Centrifugal Type 


Portable and Stationary 
Indicating Speed and Total Run. 
Flexible Shaft, Belt, or Electric 


Drives for Remote Indicating. 


Types Available for Every Industry 


Locomotives, Steam, Gas, 
and Electric. Baking Time for Ovens, 
Dryers, Etc. 
Centrifuges, Textile Machinery 
Marine, Fire Apparatus 


Automotive, General Machinery 


Submit Your Problems to Us 


JONES — ———— 
MOTROLA SALES CO. 


438 Fairfield Ave., Stamford, Conn. 














For Extremely Close 
Temperature Control 


Visual-Stats 








@ Sensitivity of a hundredth of a degree 
is easily attainable. @ Top of mercury 
column visible at control point (where 
most important) because electrodes ter- 
minate at back of tube. No encircling 
metal bands! @ Available in angle form 
(illustrated) or conventional straight form. 
@ Send for brief, attractive bulletin. 


The Philadelphia Thermometer Co. 
915 Filbert Street “i Philadelphia 


Oldest Thermometer Manufacturer 


in Philadelphia 











Electronic Micrometer 


Diaphragm Tester 


In testing diaphragms as used in aircraft 
Instruments and thermostatic controls, it 
usually is desired to measure the perforn 
ance of the completed diaphragm to deter 
mine deflection rate and drift. It is neces 





sary to measure deflection rate in order to 
determine whether responses to changes in 





temperature or pressure are of proper mag 
nitude it is necessary to measure drift to 
make sure that the diaphragm-controlled de 
vice will maintain its initial calibration. In 
both cases the measuring method or instru 
ment must not in itself influence the dia 
phragm performance. This prime requirement 
is met in new Carson Electronic Diaphragn 


IMO TSLTAGE — 


Whether it’s 1 VA for an instrument or 10 KVA 
tor a Production line—here’s constant, stable 
voltage for you at all times, even though the 
line voltage varies as much as thirty percent 

They are fully automatic and instantaneous it 
oOperation—have no moving parts—require mn 


Tester through the use of a motor-driven mi 
crometer head controlled by an electronic cir- 
cuit operated by physical contact between the 
micrometer tip and the surface of the dia- 
phragm being tested. A large-diameter dial maintenance—and are self-protecting against 
mounted on the micrometer head is driven short circuit 

through small adjustable-tension belt fron You can build a SOLA CONSTANT VOLTAGI 
i pulley on a small reversing shaded-pol TRANSFORMER into your product, or 


incor 
gear motor. Motor is controlled by the elec porate it in your production line or laboratory 
tronic circuit in suel t way that before and know that every test will be made under 
contact is established at micrometer. tip identical line conditions 
micrometer is rotated by motor to bring tiy Compact—economical. Standard designs are avail 
weainst diaphragn Upon first instant of able, or units can be buile to your specia 
‘ : specifications 1 fo : -74 
metal-to-metal contact between micrometer vamos sk for Bulietin GCV-7 
tip nd diaphragm, ind before iny pressure SOLA ELECTRIC COMPANY 
is exerted by micrometer tip, motor is. re- 2525 Clybourn Ave. Chicago, Ill. 











Sunt alg 
TRANSFORMERS 


versed by electronic detector unit As soot 
as contact is broken, motor again rotate 

dial into contact. Thus a iunting ictior 
is obtained and, by adjusting motor speed 
the range of hunting action can be reduced 


to less than 10 millionths of ul inc} 
Micrometer then wiil instantly respond t 
iny change in diaphragr position either 


upward or downward, automatically bring 
ing dial to proper reading point. Since the 
operation of the diaphragm teste! is entirely 
Lutomatie, no human element is involve 


in measuring the diaphragm response, Since 


no pressure s exerted by the instrument 
izninst the diaphragm, the readings taker 
ire unaffected by the measuring method 
The complete measuring head can be en 
closed within a bell jar 10” in diameter for 
testing sealed diaphragm units by changing 
the external pressure. The micrometer head 
has a range of 7%” over which the max! 
mum deviation is not more than 30 mil 
lionths. The instrument will repeat well 
within 10 millionths and is sensitive to 
changes is small is > millionths, Dial 


shown in illustration has 500 divisions, eac 
division 0.00005 : each thousandth numbered 


All controls for the instrument are con 
tained on the cabinet panel into which the 


electrical connections from the micrometer 

are plugged Instrument I supplied 

shown with a mahogany carrying case cor 3 : 

taining electronic unit behind panel Write for FREE 

having a compartment for storing instru 

ment when not in ust Although this : ee Te sie § 
manufacturer's initial announcement, instr : i Lhe selection of tT hans 
ment is already n successful us in | : 
aviation instrument plants, where it ha JULES RACINE & COMPANY 
largely supplanted yptical fime-me l 

nent. equipinent.—-Tnsirument Specialties (A ACYAGIS C14 a Be ol 0 





Co., 11 Little Falls, N. J. 
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rent. It consists of a Thyratron circuit « 
trolling t motor-driven variable volt 


Diesel Engine Pyrometers 


new Diesel engine pyrometers de auto-transformer. These regulators 
gr 1 espe ill for seacraft are announced ivailable for use on 115-, 230- or 440- 
high-resistance millivoltmeter circuits in capacities up to 75 kKva. Out 
ent wit! 1utomatie reference-jun oltage and sensitivity are both adjust 


ver a wide range by means of knobs 
front panel. Regulator is said to have 

high efficiency and low exciting curr 
characteristics inherent with the varia 
voltage auto-transformer. Response is ray 
full-range travel time of 6 seconds. Op: 
tion of regulator is not affected by char 
in power factor of load. Also the regul 
itself does not affect the power factor of 
ten Superior Electric Co., 182 Ha 





have: Whi: Wnckch dk the wtiieaes ts Lat Bridge for Production 


ymne place while re ng that in the other . 
Then without topping machine locking Testing 
point n be shifted to the first plane whil 
lit t} ere Pe ter aa) at ie New Model 618” is a highly speciali 
idjustabl long tl wavs t enon Limit Bridge for rapid and aecurate te 
“late lengt of ‘to 26” between bear ing of multi-tapped resistance with vary 
, ( Dor ' tat nt tbl 1 lue It has binding posts for conn: 
long the equipoise bar, obviatin nec 
t of ibration in locking mut proper 
ction plane in an new piece \djust 
ible resonance j made possibl b xt nal 
nubber springs Variable-speed = drive 


ovided: 0 to 5000 rpm. in an infinite nun 





ber tT stops. Smoot icceleration to any 
pre-determined speed is thus made possibl 
Globe Tool Eng i? ( Dauytor 
Ohio 
I per t ! I hil lar prt 1 t 
vithstand exces ibration, are housed ir 
irip-proof welded steel cases. Thermocou he V | R | 
ee ace Ouene ecece enias toe an A-c. Voltage Regulator 
louble contact if laminated phosphor Illustrated is one unit in new “SECO” Hine 
bronze. All part e designed to meet latest f automatic voltage regulators. This regu- 
Naval specificatior The Bristol Company. lator maintains constant output voltage 
Vaterbu Con with variations in input voltage or load eur 


Dynamic Balancing Machine 

New “NE-2 Globe Supersensitive Dynami 
Balancing Machine” determines the amount 
und location of the corrections required in 





yvercoming the unbalance in rotating parts ing a galvanometer and battery. Special 
weighing from 5 to 50 Ibs. “Micro-Indicator mereury wells provide a method for attaci 

lial on top front of each balancing head in ng a multi-tap resistance resistor. A special 
licates and records amount of correction Shalleross rotary switch selects the unit of 


multi-tap to be tested and at the same 
time places the proper standard in circuit 
\ suitable key switch tests the tap for high 
ind low tolerance. On a resistor having 18 
taps, with this new equipment a thoroug! 
ind accurate test has been made in about 
L minute An ordinary Wheatstone Bridgt 
equired at least 30 minutes for the same 
sts Shallcross Mfaq. Co., Collingdale, Pa 


equired in its respective correction plane 
Angular location is indicated and recorded 
by the Neon-Lite” head. Approx. 30 se¢ 
nds is required by the average overator in 
letermining the condition of unbalance and 
required corrections on a_ typical rotating 
yiece. Correction required for each end can 
be read directly without cro transfer 
r is made possible by the Equipoise” 








tex Sensitive Recording oF INDUSTRIAL TEMPERATURES 


that is AUTOMATIC * ACCURATE ® MERCURY ACTUATED 
Specify PALMER *’Superior’’ RECORDING THERMOMETERS 


Furnished in all standard ranges: —40 to 800°F. and +-200 to 1000°F. (or C. equivalents). 


Uses standard 12” chart and specially designed spring-wound or electric clock. 





Standard equipment includes 5’ of flexible connecting tubing and stainless steel, mercury- 


filled bulb. 


XS a, Compensated for room temperatures. All joints are Atomic Hydrogen welded. 


Write for Bulletin 1300 


THE PALMER COMPANY © 2iiaNO*WOOD AVENUE 


CANADIAN PLANT: KING AND GEORGE STREETS, TORONTO 
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MANUFACTURERS ' 
NEW LITERATURE 


In this department we report ALL pieces of NEW literature pertaining to Instrumentation, 
eceived from the manufacturers. Readers may secure without cost (unless noted) any or all 
items reported here, by filling out and mailing the card. 





1-334 Film and Plate Processing Equip- 
ment, Bulletin, 84%” x 11”, 4 pages, de- 
scribes and illustrates equipment for 
spectro analysis, metallography and 
x-ray-film developing machine, plate 
developing machine, film washer, film 
dryer, plate washer and plate dryer. 
Harry W. Dietert Co., 9330 Roselawn, 
Detroit, Mich. 

1-335 Quartz Crystals. Catalog G-12, 
8146” X 11”, 16 pages, covers general com- 
munication frequency erystal units for 
all services other than amateur, includes 
price list. Bliley Electric Co., Erie, Pa. 

I-336 Amplifiers. Catalog 600-F, 8%” x 
11”, 16 pages, covers 8, 10, 14, 30 and 55 
watt amplifiers; studio, phone, 18 and 28 
watt mobile, battery, 25 watt rack, 
booster and pre-amplifiers with prices 
listed for each. Thordarson Electric & 
Mfg. Co., 500 West Huron St., Chicago, 
Ill. 

1-387 Continueus Gaging. Bulletin, 
816” X 11”, 6 pages, describes and illus- 
trates Schuster calendar gage, operating 
on 110 volts; 50-60 cycles, for gaging 
sheeted stock, consists of three elements 
—setting devices, magnet carriages and 
indicating meter. The Magnetic Gauge 
Co., 60 East Bartges St., Akron, Ohio. 

1-338 Dynamometers, Special Scales and 
Test Apparatus. Catalog No. 30, 84%” x 
11”, 20 pages, covers shunt type, trac- 
tion, circular with free pointers, straight 
type with free pointers, special push- 
pull types and circular spring dynamom- 
eters with fixed pointers, special scales, 
test apparatus and special springs. John 
Chatillon & Sons, 85-93 Cliff St., New 
York City. 

1-339 Miniature Panel Instruments. 
Catalog Section 43-330, 83” x 10%”, 12 
pages, describes and illustrates miniature 
a-c. and d-c. voltmeters and ammeters 
in the two inch classification for general 
use, Permanent white dials, interchange- 
ability of parts and high overload capac- 
ity are among features discussed. Dept. 
7-N-20, Westinghouse Electric & Mfg. 
Co., East Pittsburgh, Pa. 

1-340 “C-D Capacitor.” Vol. 5, No. 7, 
14 pages, contains Part II of “Biasing 
Methods” and article entitled ‘Personal 
Power Supplies’’—three methods of op- 
erating miniature receivers from the 
house current. Cornell-Dubilier Electric 
Corp., New Bedford, Mass. 

I-341 Eleetric Pressure Gages. Bulletin 
GEA-3477, 8” x 10%”, 2 pages, describes 
and illustrates gages for the measure- 
ment of pressures of either liquids or 
gases, work on same principle as for 
standard electric gage. Can be used to 
investigate either steady-state or tran- 
sient pressures existing in any cylinder 
or container. General Electric Co., Schen- 
ectady, N. Y. 

I-342 Industrial Plating Filters. Bul- 
letin, 8%” * 115%”, 1 page, covers alka- 
line solution filter for bright nickel, 
nickel, chrome, copper sulphate, cyanide 
copper, brass, zinc, cadmium, high speed 
copper, bright zinc, silver, electrocolor, 
ete. Industrial Filter & Pump Mfg. Co., 
3017 West Carroll Ave., Chicago, Ill. 

I-343 Resistors, Catalog, 10” x 11”, 20 
pages, covers line of Koolohm power 
wire wound resistors, continuously insu- 
lated by a special process with a uni- 





————— 


form ceramic insulating material: in- 
cludes chart giving temperature rise at 
various loads, also mounting dimensions 
for different types. Sprague Specialties 
Co., Resistor Div., North Adams, Mass. 


I-344 Combustion Safeguard Systems. 
Bulletin No. 96-3, 8%” x 1114”, discusses 
Protectoglo systems for protection 
against failure of oil, powdered coal and 
gas flames; information is included on 
flame electrode Protectoglo, automatic 
relite relay and photo electrode Protec- 
toglo, Brown Instrument Co., Wayne & 
Roberts Aves., Philadelphia, Pa. 

I-345 Seientifie Laboratory Apparatus, 
Catalog 341, 8” x 11”, 1216 pages, covers 
entire line of chemical, metallurgical, 
physical, clinical, biological and bacteri- 
ological apparatus. All requests for this 
catalog should be directed to manufac- 
turer on company letterhead. Burrell 
Technical Supply Co., 1935 Fifth Ave., 
Pittsburgh, Pa. 


I-346 Metal Shielded Wire. Folder, 844” 
x 11”, 4 pages, describes and illustrates 
wire which provides new method of 
shielding insulated wire or wires with 
seamless aluminum or copper tubing. 
Can be made in different combinations 
from a single conductor with an outside 
diameter of .018” to multi-cable types up 
to 1” outside diameter. Precision Tube 
Co., 3824-26-28 Terrace St., Philadelphia, 
Pa 

1-347 “The Hydromike.” Vol. 4, No. 4, 
8144” X 11”, contains items on level and 
flow controls and on the Stevens simpli- 
fied Venturi tube. Leupold, Volpel & Co., 
425 N. E. 70th Ave., Portland, Oregon. 

I-348 Tachometer and Vibration Indi- 
eator. Bulletin 1700, 7%” x 1014”, 4 pages, 
describes and illustrates “Frahm” tach- 
ometer for speed measurement and rates 
of vibration. Also lists mechanical in- 
dicating tachometer, chronometric speed 
indicator, tachoscope and _ stroboscope. 
James G. Biddle Co., 1211-13 Arch St., 
Philadelphia, Pa. 


1-350 Eleectrophotometer. Folder, 8” X 
11”, 8 pages, describes and illustrates 
new a-c. model instrument for colori- 
metric analysis, includes prices. Fisher 
Scientific Co., 711 Forbes St., Pittsburgh, 
Pa, 

1-351 “General Radio Experimenter.” 
Sept. 1941 issue, 8 pages, contains arti- 
cles on “The Microflash—A Light Source 
for Ultra-High-Speed Photography,” 
“Impedance Bridges Assembled from La- 
boratory Parts— Part III” and list a 
number of additions to manufacturer's 
line of instruments. General Radio Co., 
80 State St., Cambridge, Mass. 

1-352 Galwanometers for Seismic Re- 
corders, Folder SG-1, 8%” X 11”, 6 pages, 
describes and illustrates coil galvanom- 
eters and 12 channel camera for coil type 
and oscillograph galvanometers for 6 
element cameras. Heiland Research Corp., 
700 Club Building, Denver, Colo. 


1-353 Flight Analysers, Descriptive and 
instruction sheets, cover the Nos. 640, 
643 and 644 analyzers—640 especially de- 
signed to chart altitude of aircraft dur- 
ing flight in terms of barometric pres- 
sure, and electrically actuated opera- 
tions pens record the time during which 
any particular equipment is used; No. 
643 analyzer records air speed, vertical 
acceleration, altitude and two operations 
and 644 makes records of information 
given on the Autosyn system. Julien P. 
Friez & Sons, Baltimore St. & Central 
Ave., Baltimore, Md. 

1-354 “The Ohmite News.” Aug.-Sept. 
1941, 2 pages, discusses developments of 
the electric dynamo and arc lamp by 
Chas. F. Brush; includes items on non- 
inductive resistors and power tap 
switches and discusses effect of frequen- 
ey by resistor impedance. Ohmite Mfg. 
Co., 4835-41 Flournoy St., Chicago, Ill. 

1-355 Pertable Hardness Tester. Circu- 
lar F 1689, 3%” X 8%”, 4 pages, describes 
and’ illustrates the “Impressor” for test- 
ing hardness of metals or plastics after 
fabrication—aluminum, aluminum alloys 
and soft metals. Barber-Colman, Co., 
Rockford, Ill. 

1-356 Photoelectric Colorimeter, Folder, 
81%” X 11”, 11 sheets, gives technical in- 
formation on Lumetron colorimeter, dis- 
cusses care of instrument and operation, 
step by step. Photovolt Corp., 95 Madison 
Ave., New York City. 

1-357 Impulse-Sequence Cycle Controi- 
ler. Bulletin No. 575, 8” K 1014”, 4 pages, 
covers controller for tire presses and 
general time control applications—fea- 
ture is that time measurement and pilot 
valve operation are handled separately. 
The Bristol Co., Waterbury, Conn. 


1-358 Poeket-Size Vibrometer, Descrip- 


1-349 Replacement Transformers. En- tive data 85-910, 8%” xk 10%”, 2 pages, 
cyclopedia No, 352-F, 8%”xX11”, 32 describes and illustrates Type JC vibrom- 
pages, includes replacements for over eter for use in detecting and measuring 


4,000 receivers—power transformers, fil- mechanical vibration in motors, gener- 
ter chokes, audio and output transform- ators and other rotating machinery 
ers. Thordarson Electric Mfg. Co., 500 Dept. 7-N-20, Westinghouse Electric & 


West Huron St., Chicago, Il. Mfe. Co., East Pittsburgh, Pa. 
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1-359 Instrument Charts, 
1230, 8%” X11” 32 pages, covers 9, 19 
and 12 inch mercury and gas-filled 
ranges and charts, 9, 10 and 12 inch va- 
por tension ranges and charts, 9, 10 and 
12 inch combination charts, 10 inch 
charts for special applications, 9, 10 and 
12 inch pressure-vacuum charts ‘and 
miniature size charts. C. J. Tagliabue 
Mfg. Co., Park & Nostrand Aves., Brook- 
lyn, N. Y 

1-360 Salt Spray Corrosion Test Equip- 
ment. Bulletin, 84%” 11”, 2 pages, de- 
scribes and illustrates equipment de- 
signed to determine the corrosion resist- 
ing qualities of electroplated or coated 
metal, alloys, metal parts, lacquered or 
pointed samples, etc. Industrial Filter & 
Pump Co., 3017 West Carroll Ave., Chi- 
cago, Ill. 

1-361 Contre] Equipment, Price Sheets 
F’-1612-4, 1636-2, 1637-2 and 1660-1 TC, 
each 8%” K 11”, describe and illustrate 
control motors for 2-position, floating 
and proportioning control; motor-oper- 
ated valves, V-ported, for floating and 
proportioning control; and motor-oper- 
ated sanitary valves, 2-position-revers- 
ing-proportioning. Barber-Colman Co.,, 
Rockford, Tl. 

[1-362 Photoelectric Fluorescence Meter. 
Folder, 8%” K 11”, 14 pages, is devoted 
to discussion of technical information 
concerning the Lumetron fluorescence 
meter. Photovolt Corporation, $95 Madison 
Ave., New York City. 

1-363 Reeorders and Automatic Con- 
trollers. Bulletin No. 548, 8” x 10%” 12 
pages, describes and illustrates instru- 
ments for application to industrial fur- 
naces, kilns and ovens, used with gas, 
electric and oil. The Bristol Co., Water- 
bury, Conn, 

1-364 Broadcast Transformers. Catalog 
No. 500-F, 8%” X11”, 20 pages, covers 
line of incher, bantam, multi-shield ban- 
tam and major series audio transform- 
ers, filters, line equalizers, driver trans- 
formers, high level modulation trans- 
formers, modulation reactors, filament 
and plate transformers, filter reactors 
and power transformers. Thordarson 
Electric Mfg. Co., 500 West Huron St., 
Chicago, I11. 

1-365 Midget Magnetic Relays. Bulletin 
106, 8” K 10%”, 2 pages, covers relays for 
use on a-c. or d-c. and can be equipped 
with single- or double-pole and single- or 
double-throw contacts. Standard relays 
are of the open type mounted on a mold- 
ed insulating base. Ward Leonard Elec- 
tric Co., 38 South St., Mount Vernon, 
le A 

1-366 “C-D Capacitor.” Vol. 5, No. 8, 16 
pages, contains articles on “Filter De- 
sign’’—design and characteristics of low- 
and high-pass filters and “Antennas for 


Catalog No. 


FM." Cornell-Dubilier Electric Corp., 
New Bedford, Mass. 
1-367 Moisture Centrol System. Bul- 


Jetin 212-2, 8%” x11”, 16 pages, de- 





scribes and illustrates “Verigraph” 
tem which measures and controls the 
equilibrium moisture content of the pa- 
per web during manufacture. The Fox- 
boro Co., 46 Neponset Ave., Foxboro, 


sys- 


Mass. 
1-368 Hot Water Heating Control. 
Folder, 8” x 11”, 6 pages, describes and 


illustrates pneumatic and electric “Duo- 
Stat” regulators for automatically main- 
taining the proper relationship between 
the outdoor temperature and the tem- 


perature of the heating system. Johnson 
Service Co., Milwaukee, Wis. 
I-369 “The Laboratory.” Vol. 12, No. 5, 


6” x 9”, 24 pages, contains article en- 
titled “The Birth of Modern Chemical 


also items on new elec- 
Aerosol—new wetting 
agent, ultraviolet lamp for laboratory, 
slide heater and other devices for labo- 
ratory use. Fisher Scientific Co., 711 
Forbes St., Pittsburgh, Pa. 

I-370 Thermometer and Pressure Gage 
Accessories. Catalog No. 6706-A, 8” X 
10%”, 24 pages, shows bulbs, tubing ex- 
tension necks, separable sockets, wrought 
iron sockets and fittings, wet- and dry- 
bulb assemblies, pulsation checks, oil 
seals, gage cocks, charts, etc, for manu- 
facturer’s line of thermometers and pres- 
sure gages. The Prown Instrument Co., 


Nomenclature”; 
tric water bath, 


Wayne & Roberts Aves Philadelphia, 
Pa. 
[-371 Precision Test Equipment, 1942 


Catalog, 8%” X11”, 16 pages, describes 
and illustrates vacuum-tube multi-range 
testers, “Electronamic” tube _ testers, 
“Electronamic” tube and battery testers, 
volt-ohm-decibel-milliammeters, multi- 
range a-c. ammeter and industrial a-c.- 


d-c. circuit testers, signal generators, 
etc. Precision Apparatus Co., 647 Kent 
Ave., Brooklyn, N. Y. 

I-372 Multiple-range Hand Tachometer. 
Bulletin, 8%” x 11”, 1 page, describes 


and illustrates tachometer (in carrying 
ease) of centrifugal type, designed to fit 
in palm of hand and weighing about one 
pound. Dial is approximately 4” in diam- 
eter and has three ranges. Jones-Motrola 
Sales Co., 4382 Fairfield Ave., Stamford, 
Conn. 

I-373 Aireraft Instrument Test Appa- 
ratus. Bulletin, 8%” x11”, 2 pages, 
shows turn indicator test stand, oscillat- 
ing table, special manometer for testing 
of aircraft engine manifold pressure 
gages and special portable manometer 
for testing airspeed indicators. Ideal 
Laboratory & Supply Co., P. O. Box 193, 
Cheyenne, Wyoming. 

I-374 Timing Devices. Catalog Sheets 
40-A-1 to Al0, 8%” x 11”, 10 pages and 
price list, d¢overs line of portable 
switches, wall switches, coin meters, bell 
signals and switches and_ industrial 
switches for built-in applications. M. H. 
Rhodes, Inc., 30 Bartholomew Ave., Hart- 
ford, Conn. 
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Manufacturing Engineer to serve in 
the capacity of assistant to the 
General Plant Superintendent, to 
have complete charge of supervis- 
ing the manufacturing of a great 
variety of special machines and in- 
struments. Box 60, Instruments 
Publishing Co., 1117 Wolfendale 
St., Pittsburgh, Pa. 





















Vitamin B, Fermentometer 


riginated in Fleischmann Laboratories 
Standard Brands, Ine., new instrument 
s a means of determining thiamine 
— 


tamin B,) by speedy, simple ind accu- 





A3 te yeast fermentation method. Ferment- 
er meter can be applied successfully to all 
08 ods, many biological fluids, plant and ani- 
il tissues, metabolic studies, ete. Five dif- 
06 rent or similar samples and the control 
03 in be run simultaneously. Complete fer- 
12 entation tests can be made in three hours 
95 yy persons who need not have technical 
cnowledge. It is only necessary to prepare 
fine suspension or solution of the sample 

11 n water, add necessary reagents, and place 
imple in the Fermentometer. After a speci- 

er fied time, volume of gas generated within 
6 the gasometer assemblies is read and thia- 
13 nine content computed.—American Instru- 
nent Co., 8010 Georgia Ave 


Vad 


., Silver Spring, 


3 Combination Universal 


3 Coil Winders 










2 New Combination Universal Coil Winder 
; illows high-speed winding driven directly 
1 from the motor shaft: or high torque at 
lower speeds driven through a back gear ar- 
3 rangement. Se- 
1 lection between 
8 these may be 
7 made by shift- 
9 ing a lever on 
9 the gear head. 
7 \ foot pedal 
5 synchronizes 
5 the control of 
0 the brake, mo- 
L tor switch and 
; variable speed 
“ Thus. simple 
5 control of speed 
> through either 
1 f the speed ranges is 
" obtained ; uniformly and 
1 steplessly iccelerating 
; from start to top speed 
J iny desired interme 
) liate speed. Turn coun- 
L ter (up to 10,000) may 
) set to automatically 
; stop the winder on any 
lesired number of turns 
Machine will 
late wire sizes from 24( 
is larg is $8, wil 
£ ft Int Is t 
g is 8” in di ter and 8& long t 
I is up to 5000 ry I s s 
s keep this ichir ilways f 
perator, and act as a challenge issuring 
maximum production. Direct-drive ir 
back-gear are ivailable when the combina 
tion is not required.—Globe Tool & Enqi 
ring Co., Dayton, Ohio. 
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Consider the advantages of a Portable Hand Tachometer that does not 
even ‘see’ the rotating shaft, that has no wearing parts or pointer, that 
requires no belts, gears or electrical connections and that cannot lose 
its calibration through lack of oil or over-speeding. 


Write for Bulletin 1590-I 
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Test Temperatures | NYE’S WATCH 


With Confidence | * CLOCK O!L 


@ THE choice of leading flight test engineers, 
Model 70-PO potentiometer-pyrometer likewise 
pleases research experts, production and main- 
tenance men. They say it’s a ‘‘natural’’: Ther- 
mocouple lead resistances may vary. Ambient 
temperature may rise or fall beyond standard crll 
limitations. There's built-in ruggedness against 





|For INSTRUMENTS 


tu is a recognized fact the world 
over that porpoise jaw oil is the 








finest crude from which to refine lub 
ricating oil for delicate instruments of 











precision. When the refining is done 





Model 70-P0 by the scientific processes developed 
rege through years of experience by Wm. 
vibratior Temperatures are read directly, . ' 3 
CONFIDENTLY, as fast as couples F Nye Inc., the result is a specialized 
chang No standard cell; and | or f oil of the very highest Quality. 
balancing operation. For your ures 
200 to 3000°F. send for Bulletin 549-70-PO, Nye's Oil—100°%% American from "fish 
today to finish. 


Also, try ]-B-T for pyrometers, res'stance 


mometers nd accessories, mentioning your ap 


plication. ao Wm. F. Nye, Inc. 
J-B-T INSTRUMENTS, INC. NEW BEDFORD, MASS. 
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Instrument Flying. By I. V. R. WEEMS 
and CHARLES A. ZWENG. Weems System of 
Navigation, Annapolis, Md., 1940. Leather- 
ette, 6 914 inches, iv 328 pages. Price 
$4 00 


and distinctive feature of 
type which seems to 
known as 12-point 


There ire 


noticeable 
is the 
technically 
2-point leads 


Most 
this book 
be what Is 
Benedictine 


large 


with 


five lines to the inch and iS a rough guess 

not more than 70,000 words in the entire 
book 

It is a carefully prepared text for serious 
students. The authors designed it specifical 
ly “with a view to meeting the requirements 
for the I S. Government instrument rating. 
In order to assist the student preparing for 
written examinations, numerous typical 
questions with answers are given at the end 
of the book. The answers to these questions 
are, of course, a condensed repetition of the 
text in the body of the book, and in some 
cases, the questions and answers overlap 
other questions and answers, but the stu- 
dent should be ible to judge when he is 
sufficiently prepared by reference to the quiz 
section after completing his study of the 
text 

The authors purchased the rights to How 
ard Stark’s Instrument Flying, which was a 
history-maker but unfortunately was 
allowed to fade almost into oblivion after 
1936 when the brave Stark met his death 
while walking through a snowstorm from a 
forced landing in the Rocky Mountains 


compass in an effort 
foot without swerv- 


earrying his airplane 
to reach civilization by) 
ing from the courst 

As the title implies, this work deals with 
uses of instruments, rather than with the 
instruments themselves, but instrument 
characteristics are thoroughly analyzed. The 
limitations of each type of instrument are 
set forth: the sources of error explained ; 
and even the mainte- 
nance are by no means scanty 

In addition to chapters on instruments 
and their there are five chapters on 
meteorology ; others on Civil Air regulations, 
etc., and useful appendices. The illustrations 
deserve special commendation. Not only are 
the diagrams reproduced with all lettering 
easily legible, but the larger illustrations, 
such as maps, are printed on folded inserts 
readers know, Lieutenant-Com 


notes on instrument 


uses, 


As many 


mander Weems is the author of Air Navi- 
gation and other works; and Mr. Zweng, 
an instructor in the U. S. Air Corps, is the 


author of Radio and Instrument Flying and 
other works. In their preface they name 
five individuals, as well as instrument com- 
panies and government agencies, as deserv- 
ing credit in connection with the prepara- 
tion of this book. All in all, the result is a 
credit to the late Howard Stark and to all 
who have collaborated M. F. BEHAR 
Aircraft Instruments, Their Theory, 
Function and Use. By ORION EDWARD PAT- 
TON. D. Van Nostrand Co., New York, 1941 
Cloth, 6% 9% inches, x + 220 pages 
Price $2.75. 
To the best 
this book deals 


reviewer's knowledge, 
greater variety of 
devices than any of the previous books on 
aircraft instruments. Not only it de- 
acribe every class and type and variety of 
instrument utilized on American aircraft as 
of late 1940 (the preface is dated January 
1941) but it includes descriptions of such 
devices as oxygen-regulating systems, illum 
inating systems, pumps and other such de- 
vices, the maintenance of which is (or may 
be) placed in the hands of instrument men 

The instrument tech- 
nician and instructor in the U. S. Army Air 
chief instructor in the 
Harrisburg Evening School connected with 
the Pittsburgh Institute of Aeronautics. He 
has wisely used his official connections to 
the advantage of the student of the book in 
obtaining data fron official and 


of the 
with a 


does 


author is an aircraft 


Corps and is also the 


Various 
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commercial sources. So numerous are the 
individuals and organizations listed in his 
preface that this list takes more than one 
page. As the author himself says, ‘While 
the book is a personal effort, it is also in a 
sense a coOperative effort We repeat 
that this is to the benefit of the reader of 
the book. 

Nevertheless, we cannot agree with all 
the statements made in the highly compli- 
mentary foreword by a Civil Aeronautics 


Board official. For example, it is not true 
that the discussion of each instrument is 
“complete.”” Many descriptions are so brief 


as to be inadequate. In some cases there are 
mere mentions rather than descriptions. 

What has not been skimped is the ex- 
planation of the underlying principles. The 
elements of thermometry, electricity, mag- 
netism, hydrostatics, barometry, and other 
basic engineering subjects are presented in 
order that the operation of each class and 
type of instrument may be better under- 
stood by beginners. From the emphasis on 
elementary physics, etc., and the apparently 
intentional avoidance of “fine points,”’ it is 
evident that the book is designed primarily 
for readers the author is teaching 
in his Defense courses. 

It is to be regretted that the photographs 
(of which there are more than a hundred) 
are all indistinct and muddy by being 
printed on uncoated paper. It came as a 
shock to see such poor quality of reproduc- 
tions in a book bearing the famous imprint 
of one of the world’s greatest technical pub- 
lishing houses. Some of these half-tone illus- 
trations are mere blurs in which details are 
entirely lost. Likewise below Van Nostrand 
standards is the fact that so many errors 
have got by the editors and proof-readers 
errors such as wrong connections in elec- 
trical diagrams, textual reference to dia- 
gram details which are not there, as well as 
plain typographical errors. However, the 
alphabetical index has evidently been pre- 
pared with loving care and thoroughness— 
which is rather exceptional in recent books 
pertaining to aviation, and hence a pleasant 
surprise! 

This book is far superior to several other 


such as 


aircraft instrument books which have been 
brought out in recent years. All in all, the 
reviewer believes that in some respects no 


other aircraft instrument book is better and 
he is certain that none is more comprehen- 


sive. M. F. BEHAR 
Electromagnetic Devices. By HERBERT 
C. Rorers. John Wiley & Sons, Inc., New 


York, 1941. Cloth, 6” x 9%4”, vi + 561 pages. 
Price $6.00. 

A large proportion of instrument men 
(and by “large” I dare say about three out 
of five of those holding responsible posi- 
tions) will welcome this first thorough 
treatment of practically all types of non- 
rotary electromagnetic devices. These are the 
devices which play important roles in mod- 
ern instrumentation and which seem to have 
been neglected—at least in comparison with 
electrical “‘machinery.” 

The author is at present Director of Re- 
search of the Fairchild Aviation Corporation 
but he had taught this particular subject for 
years to graduate students at the Stevens 
Institute of Technology where he was 
Assistant Professor of Electrical Engineer- 
ing. It was there, in 1932, that he undertook 
this work at the suggestion of Dr. Alan 
Hazeltine, then head of the Department of 
Electrical Engineering at Stevens, whom he 
credits with originating some of the meth- 
ods of magnet design presented in this book. 

We must hasten to add that the practical 
point of view permeates the entire book, 
many of the original problems and methods 
used in the latter chapters being an out- 
growth of the author's consulting practice. 

Having intended his work not only as a 
reference book for engineers but as a text- 
book for graduate students in electrical en- 


gineering, the author has followed the « 
tom of putting a number of problems at 
ends of most chapters, but he has depar 
from the custom of giving fanciful pr 
lems: his problems are evidently taken fr 
actual practice. 

After Chapter I, which is a brief int 
duction to the subject, there is a sixty-p 
chapter on the properties of magnetic ma 
rials which, in the reviewer's opinion, is 
outstanding feature of the book. It is 
likely that so many data on magnetic p1 
erties have ever been assembled and p 
sented so conveniently. The curves and 
bles are up-to-the-minute; and many 
them are given for the first time. There 
a profusion of bibliographical references 

Chapter III, on the theory of operation 


electromagnets, discusses the complex f 
tors which enter into design and discuss 
particularly the desirable and undesirat 


energy changes. 

Chapters IV and V treat, respectively, t 
calculations of magnetic circuits and of 
path permeance. In both of these chapté 
the author includes easily-understo 
worked-out examples of the rational met} 
ods which were devised by Dr. Hazeltin: 
and himself. 

The remaining nine chapters deal most! 


with practical problems of design, as fol 
lows VI. Coils. VII. Heating of Magnet 
Coils. VIII. Magnetic Forces. IX and xX 
Tractive Magnets. XI. Time-delayed Mag 





CLEARANCE SALE 


The Engine Indicator—Its Design, Theory 
and Special Applications, By K. J. De- 
Juhasz. 1934. A mine of information for 
all engineers who have to investigate 
forces and motions—not only in engines 
but in many other applications. Cloth, 
54%x8% inches, 343 pages, $3.75. 


(Only 141 copies left) Special price $2.00 


Mercury Arc Rectifier Practice. By F. C 
Orchard. 1936. This book is one there 
need be no hesitation in recommending 
to anyone concerned with the practical) 
operation of rectifier plants. Cloth, 54x 
8% inches, 235 pages, $5.00. 


(Only 159 copies left) Special price $3.00 


Theory of Alternating Current Wave 
Forms. By Phillip Kemp. 1935. Probably 
the first treatment including adequate 
discussions on non-sinusoidal wave forms 
A standard reference. Cloth. 5%4x8\% 
inches, 218 pages, $4.50. 
(Only 54 copies left) Special price $3.00 


Prices Include postage to U, 8. 


INSTRUMENTS PUBLISHING CO. 
1133 Wolfendale Street 
PITTSBURGH, PA. 





nets. XII. High-speed Magnets. XIII. Alter 
nating-current Magnets. XIV. Relays. I 
these nine chapters the worked-out examples 
of rational design are almost equivalent t 
visiting the author and his associates an 
seeing them at work: part of the work con- 
sists in the immediate use of applicablk 
formulas; part of it involves trying out this 
and-that; part of it involves searching for 
the material that comes closest to the opti- 
mum and so on. It’s the real thing 
And always, Roters reminds the reader that 
certain factors have to be kept in mind an 
that some are more important than others 
The prediction may be ventured that thes 
chapters will begin influencing designs im 
mediately, so that the improvements in com 
mercial products will be visible by 1942 or 
1943. 

The book concludes with a carefully con 
piled index, the thoroughness of which ma) 
be judged from the fact that it occupies 2% 


pages. This index will help those who wil 
use the book as an authoritative referenc: 
in making decisions as to classes and typ¢ 
of equipment to be selected rather than t 
be designed M. F. BEA! 














LIGHT MEASUREMENT IS 
EVEN THOUGH LIGHT IS 























SING Fluorescent lighting? Youcan measure it directly 
lJ with a WESTON I/lumination Meter. Are there locations 
in your plant where fluorescent is combined with daylight, 
or with incandescent lighting? You measure the com- 
bined lighting in the same simple way! Just hold the 
WESTON at the working surface, and you get an instant, 
accurate measurement direct in foot-candles. No compli- 
cated corrections are ever necessary, regardless of the 
color composition of the light. And these WESTON II]lumi- 
nation Meters are available in types, sizes and ranges to 
suit the requirements of shops large and small ... as well 
as for laboratory use. All supply the convenience of direct 
measurement... and all furnish the measurement surety 
which is typically WESTON. Full details can be secured 
from the WESTON representative near you, or, by writing 
...Weston Electrical Instrument Corporation, 591 Fre- 


linghuysen Avenue, Newark, New Jersey. 





laboratory Standards .. . Precision DC and 
AC Portables . . . instrument Transformers 
. . . Sensitive Relays... DC, AC, and 
Thermo Switchboard and Panel instruments. 











ESTO 


ILLUMINATION METERS 


(VISCOR FILTER EQUIPPED) 









measure the illumination from any single or 






any combination of light sources direct. . . 







without correction factors! 








Model 703—Sightmeter 
for maintaining lighting 
at efficient levels. A com 

























pact instrument for use 
in office, factory or home 


Model 603—Illu 
mination Meter 

a precision instru- 
ment for lighting 
surveys and mea- 
surements requir- 
ing a high degree 
of accuracy over 
a broad range of 
light values. 


Model 614 —TIllu 
mination Meter 
offers compactr 
nd wide range J 
erage. Hinge i cell 
tilts at desir 


angle 


Specialized Test Equipment... Light 
Measurement and Control! Devices... 
Exposure Meters... Aircraft instruments... 
Electric Tachometers.. . Dial Thermometers. 
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